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CERTIFICATION 

Helwett-Packard Company certifies that this tnstiiiment met its published 
specifications at the rime of shipment from the factory Hewlett-Packard 
Company further certifies that its calibration measurements are traceable to the 
United States National Bureau of Standards, to the extent allowed by the 
Bureau's calibration facility, and to the calibration facilities of other 
International Standards Organization members. 

WARRANTY AND ASSISTANCE 

This Hewlett-Packard product is warranted against defects in materials and 
workmanship for a period of one year from the date of shipment, except that 
in the case of certain components, if any, listed in Section I of this operating 
manual, the warranty shall be for the specified period, Hewlett-Packard will, at 
its option, repair or replace products which prove to be defective during the 
warranty period provided they are returned to Hewlett-Packard, and provided 
the proper preventive maintenance procedures as listed in this manual are 
followed. Repairs necessitated by misuse of the product are not covered by this 
warranty NO OTHER WARRANTIES ARE EXPRESSED OR IMPLIED, 
INCLUDING BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. 
HEWLETT-PACKARD IS NOT LIABLE FOR CONSEQUENTIAL DAMAGES. 

If this product is sold as part of a Hewlett-Packard integrated instrument 
system, the above warranty shall not be applicable, and this product shall be 
covered only by the system warranty. 

Service contracts or customer assistance agreements are available for 
Hewlett-Packard products. 

For any assistance, contact your nearest Hewlett-Packard Sales and Service 
Office. Addresses are provided at the hack of this manual, 





Notice 



Hewlett-Packard to Agilent Technologies T ransition 

This manual may contain references to H P or Hewlett-Packard. Please note that Hewlett- 
Packard's former test and measurement, semiconductor products and chemical analysis 
businesses are now part of Agilent Technologies. To reduce potential confusion, the only 
change to product numbers and names has been in the company name prefix: where a 
product name/number was HP XXXX the current name/number is now Agilent XXXX. For 
example, model number HP8648 is now model number Agilent 8648. 



Contacting Agilent Sales and Service Offices 

The sales and servi ce contact information in this manual may be out of date. The latest 
service and contact information for your location can be found on the Web at: 

http: //www. agilent . com/find/assist 

I f you do not have access to the I nternet, contact your fi el d engi neer or the nearest sal es 
and service office listed below. I n any correspondence or telephone conversation, refer to 
your instrument by its model number and full serial number. 



United States 

(tel) 1 800 452 4844 
(fax) 1 800 829 4433 

Canada 

(tel) 4-1 877 894 4414 
(fax) 4-1 888 900 8921 

Europe 

(tel) (31 20) 547 2323 
(fax) (31 20) 547 2390 



Latin America 

(tel) (305) 269 7500 
(fax) (305) 269 7599 

J apan 

(tel) (81) 426 56 7832 
(fax) (81) 426 56 7840 

Austraiia 

(tel) 1 800 629 485 
(fax) (61 3) 9210 5947 



New Zeaiand 

(tel) 0 800 738 378 
(fax) 64 4 495 8950 

Asia Pacific 

(tel) (852) 3197 7777 
(fax) (852) 2506 9284 




Agilent Technologies 



Printed in USA July 2004 
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CHANGES 



MODEL 3465A 
MULTIMETER 



Manual Part No. 03465-90004 



I New or Reyised Item 

ERRATA 

Page 1-1, Paragraoh 1-16, Change item 5 to "Model 11173A 
Handle Kit (RacI' ) 

Page 5-0, Table 5-1 , Change value in required characteristics column 
for resistor part no 0698-5049 Hast resistor m the table) to 10 Ml, 
± 1 %, 

Page 5-9, Paragraoh 5-36, Step i. Within parenthesis in formula tor 
(R107* + R108*l, replace the number 0,9995 with 0 9966, 

Page 6-3, Table 6-3, Add diodes A1CR1 through A1CR6 to the 
parts list as follows r 

A1CR1, CR2, 1901-0040, 13, Diode-Switchmg, 28480, 1901-0040 
A1CR3, CR4, igOI-0518, 4, Diode-Schottky, 28480, 1901-0518 
A1CR5, CR6, 1901-0040, Diode-SwItchlng, 28480, 1901-0040 

t 

Page 6-4) Table 6-3 Add designations A1L2, A1 L3 and A1 L4 to 
the parts list. These components are the same as A1L1, part no, 
9170-0894, Core-Shielding Bead. 

Page 6-5, Table 6-3. Change part no, of the tine line assembly, 
A1R75 to 1810-0253 

Page 6-7, Table 6-3 Add designation A2L1, part no 9170-0894, 
Core-Shielding Bead, 

Page 6-8, Table 6-3. Add A10A6C3, part no 0150-0093, C fxd 
01 pF, 100 V Change part no of Transformer, A10A6T1 to 
9100 3851 Under A10 Assembly Miscellaneous Parts, add "Battery 
Clamp" to description of part no, 1460-1426, 

Page 6-10, Table 6-3, Mechanical Parts List. Change part no, of 
MP8a IRear Panel-Std or Option 001 ) to 5040-8026 Change part 
no ot MP18 (Switch Shield) to 03465-60604, This is now a 
"SWITCH shield ASSEMBLY" 



Section \/ll. Schematics No 1, 2, 3 and 4 Mate the following addi- 
tions and changes to the A1 component locator. Add capacitor C48 
between R107 and C42 




Add Jumper J between Cl 5 and C25 and neKt to R144, 
Change the location of R40 and Jumper H as follows 



-R66- 
— CRII- 
-R65- 
-CRIO- 
-R70— 



R76 

-R40- 
— H 



Section VII, Schematic No. 1. Mal<e the following change to the 
OHMS AUTO ZERO OUTPUT SWITCHING: 




18 March 1976 



Supplement A for 03465-90004 
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MANUAL CHANGES 



Model 3465A 



Section VII, Schematic No, 2. Make the following changes to the Section VII, Schematic 4. Add shielding beads A1 L2 All t anH 
input amplifier switching; A 1 L4 as f ol lows , 




I Section VII, Schematic 3, Add shielding bead A2L1 to the emitter 
of A2Q22 on the Display Interface board 

Section VII, Schematic 4 Replace the A10A6 component locator 
and modify the A10A6 schematic to 
1 Change connection of C2 to other side of Fuse FI , 

2, Change pm numbers of transformer T1 
3 Add C3 (see following), 




Fhum 

AC047 BOARD 



L2 



LJ 

JL 



Si |QF~f7^ 



a., .li-; 



— J ^ 

C4llc^ 






■1C32 




Section VIII, Backdating CHANGE 4 Add the following; "Sche- 
matic No, 3, Replace the A2 component locator with the following; 





A10A6 

I -hp- Part No. 03465-66506 
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MANUAL CHANGES 



Page 3 



ERRATA 

Page 3-1, AtlH tu Paragraph 3-10= 

NOTE 

h\ unn ht^ULUiS <inU dtctutn- tfie low buttery voltuge 

declct Hun , III ml mav shut t/oH ff the instrument if 

I. ihf sw itch IS tnomentanh' turned off then bach 

>>n, > >1 

2: it ij Inv fine pn\s‘pi cord is attached to the instrument, 

It IS opeiating in tht hatterit mode. 

To rtstort norma! operation the instrument must he turned 
uff for u minimum of 1 0 seconds, 

Page 5-9. Paragraph 5-36(i|. Change (0 9995 x CONST-1) to 
(0=9966 X CONST-1), 

Page 5-10, Paragraphs 5-39(c) and 5-40(c| Change i 100 counts 
TO i 1 0 counts. 

Page 6-8, Table 6-3. Reference Designation A10A6Q3, -hp- Part 
No 1853-0394, Description Change NPN to PNP, 

ERRATA 

Page 7-13/7-14, Figure 7-5, Assembly A20A7 Schematic. Add wire 
connections from pin 4 to 5, and from pm 8 to 9 of SI , 

CHANGE NO. 1 applies to S/N 1521A01501 and greater. 

Page 7-11/7-12, Figure 7-4, Control Logic Assembly, A1, Schematic. 

Add capacitor C23, 100 pF from the junction of Y1, R52 and pm 9 
of U7 to PC assembly ground, 

Page 6-3. Add in sequence Ref. Desiq,, P/N, Qtv and Desc,, A1C23. 
0150-0073, 1, Capacitor - FXD 100 pF 1000 V, 

CHANGE NO. 2 applies to S/N 1546A01701 and greater. 

Page 7-11/7-12, Figure 7-4, Control Logic Assembly, A1, Schematic. 

Delete C11, jumper D and Note 3 Renumber Notes 4 and 5 to 3 
and 4 respectively 

Page 7-11. Figure 7-4, Display Interface, A2, Schematic Delete C2 
Page 6-3. Delete A1C11 and all relevant nomenclature 
Page 6-7. Delete A2C2 and all relevant nomenclature, 

CHANGE NO. 3 applies to S/N 1546A02151 and greater. 

Page 6-9 Delete Part No 0363-0108 and all relevant nomenclature 
Add Part No. and Description 0380-0578, Standoff 

CHANGE NO. 4 applies to S/N 1546A04401 and greater. 

Page 6-7. Delete A2Q12, A2R19, A2R20, A2R21 and all relevant 
nomenclature, 

Page 6-8. Delete A5CR1 and all relevant nomenclature, 

Page 7-11/7-12, Figure 7-4. Delete R19, R20, R21 and Q1 2 of the 
Display Interface, A2, Schematic and CR1 of the Display, A5, 
Schematic, 

CHANGE NO. 5 applies to S/N 1546A01700 and greater. 

Page 6-5 Change the Part Number and value of A1R103 from 
0683-2445, 240 K to 0683-1245, 120 K. 

Page 7-7Z7-8, Figure 7-2. Change the value of R103 from 240 K to 
1 20 K . 



CHANGE NO 6 applies to S/N 1546A01701 and greater. 

Page 6-3. Change the Part Number and value of A1C39 from 
0160-2046. 2 pF ± 5 pF to 0160-999P PAD VALUE Star the 
Reference Desiynationb A1C39 and A1C57 

Page 7-7/7-8, Figure 7-2. Change fhe switch wiring by adding a 
contact between R75 pm 10 and S12 as shown 



TO 




CHANGE NO. 7 applies to ail Serial Numbers. 

Page 6-8. Change the quantity from 2 to 1 on Part Number 
5000-5087 

Change the quantity from 1 to 2 on Part Number 5000-5086. 

CHANGE NO. 8 applies to Serial Number 1546A02151 and greater. 

Page 6-3. Change the Part Number and value of C42 from 
0121-0427, 170/780 pf to 0121-0426, 50/380 pf, 

Page 6-6. Change the Part Number and value of R135 from 
0683-4745 470K ,05 to R135* - See padding list under A1 Assy 
Misc, Parts 

R135* 0683-2445 Resistor 240K 5“m .25W 

FC TC = -800/-t 900 
0683-4745 Resistor 470K 5% .25W 
FC TC = - 800/f- 900 

CHANGE NO. 9 applies to Serial Number 1546A04201 and greater. 

Page 6-3. Change the Part Number of Cl 3, ‘55, *57 to 0140-0209, 

Page 6-8. Change the Part Number of A10A6C3 to 0160-2055. 

CHANGE NO, 10 applies to Serial Number 1546A02601 and 
greater. 

Page 6-6. Delete ‘ on AIR 133* , 
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MANUAL CHANGES 



Model 3465A 



Page 7-7/7 -8, Figure 7-2, Mal<e the following changes to the output 
of the Impedancp Converter 





TO 

RI3I 





Page 7-9/7-10, Figure 7-3 Make the following changes to the Input 
Amplifier. 





TO 

Q3 



ERRATA: 

Page 6-6. Change the Part Number of A1 U8 to 1820-0944, 



Page 5-0, Table 5-1. Revise Resistor Section to read as follows 



1 ,0 n ± 0,02% 

10 n ± 0,01?'= 

1 ka ± 0.01% 

10 kn ± 0,01 ?i 
100 kn ± 0 01% 
1 Mn ± 0,01% 

1 0 Mn ± 0 1 % 



Gen, Rad. 1440-9601 
Gen. Rad. 1440-9611 
Gen. Rad, 1440-9631 
Gen, Rad. 1440-9641 
Gen Rad 1440-9651 
Gen, Rad, 1440-9661 
-hp- 0698-8194 



1 ka ± 1% 
22 ka ± 1 % 
10 Ma ± i?'= 



-hp- 0727-0751 
-hp- 0757-1087 
-hp- 0698-5049 



Page 5-2, Table 5-3= Change tulerauce of the 1 a value of from 
0 1 % to 0 02% 



Change the tolerance of the 
001 % 



remaining values of R/^ from 0.1% to 



Page 5-4, Table 5-6. Delete all mid-range (50 pA, 0,5 mA and 
5 mA) tests. 
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SALES & SERVICE OFFICES 



UNITED STATES 



ALABAMA 

BZ30 Vyhilei,buig Di 5 E 
P 0 Bon JZ07 
Huntsvill* 35SO’’ 

Tel iznsi sai 4591 
TW* HI0 72b:204 
Medical Onry 
ZZS M Vdllrv Ave 
Room 30Z 

Birmingham 3S209 

Tel i:u5i yT9 2ogi : 

ARIZONA 

2]25 E Mtignolid jl 

PhQ«m* 850^ 

Tel l6UZl 244 1361 
TWX 310 951 1331 
2424 EaGi Atagon Rd 
Tucson B5706 
Tel |6U2| «Bg466l 

ARKANSAS 

Medical Service Only 
Little Rock 72205 
Ttl iHOI I 664 8773 

CALIFORNIA 

I43U Easi OiangelhDipe Ave 
Fullerton 3263 1 
Tei |7l4i B70 lOOD 
Tw< gin EQT nsB 

3919 Lanl-eiuhim Bnulevaid 
North HoltyMTood 9I&04 
Ttl IJI3I 377 I2B2 
TWt 3!0 499 2170 
6305 Aiiiona Place 
Los Angeles 90045 
Ttl I2I3I 649 2511 
TW'^ 9IU 32B 6147 
Los Angeles 
Tel 12I3| 7^6 7500 
3003 jcoli Buulevaid 
Sar^’a CiS''B 95050 
Tel 14081 249 7UUU 
TW« 910 33B 0518 
Ridgecresf 
Tel I? 14 1 446 6 1 65 
2220 Wall Avt 
Sacramenlo 95625 
TH 1916! 432 1463 
Jm 910 367 2092 



9606 Aeio Dnve 
P 0 Boi 23333 



SanOMgo 92123 
Tel |7I4| 279 3200 
TWi 910 335 2000 



CelcuUiO't Only 
601 Caliloinia SI 
San Francisco 94108 
Tel I4I5I 989 6470 



COLOBADO 

560U Souin Ulcirf Parkway 
Englewood 601 10 

Tel (3031 771 3455 
TWH 910 935 0705 

CONNECTICUT 

12 Lurtai Olive 

New Haven 06523 
TH (203 ) 389 6551 
Twnr 710 465 2029 

FLORIDA 

P 0 Bo* 24210 
1HO6 W Oakland Pdik 
Ft Lauderd^ 33307 
TH (3051 731 2020 
TW« 510 955 4099 
Jackaonville 
Medical 5eivice only 
TH (904) 725 6333 
P 0 Bd> 13910 
6177 Ijke EIIeiidi Di 
OH ando 32BQ9 
Tel 13051 B59-2900 
TWX 810850 0113 
21 EasI WiighI 51 
Suiie I 

Pensacola 3250 1 
TH (904) 434 3081 

GEORGIA 

P 0 Bo. 28234 
450 Inleialale North 
Atlanta 3032B 
Tel (4041 434 4000 
TWX 810 766 4890 
HAWAII 

2875 So king SI.pei 
Honolulu 96814 
Tel (808)955 4455 



ILLINOIS 

5500 Howard Slieri 
Skokie 60076 
Tel (312) 677 0400 
TW* 910 223 3613 

St Joseph 

Tel i;i7| 463 2133 

INDIANA 

7301 North Shadeland Ave 
Indlantpells 46258 
TH I3I7J 842 (000 
TWk 810 260 1796 

IOWA 

1902 Broadway 
Iowa City 32240 
Tel (3(91 338 9465 
Mighi (319) 338 9467 

KANSAS 

Derby 

Tel 1316) 207 365C 

LOUISIANA 

P 0 Bd. 840 
2239 Wiiiiarn5 Boulevard 
Kenner 70062 
Tel 1 504 1 721 6201 
TW* 810 955 5524 

KENTUCKY 

MedicalrCalculaloi Only 
8003 Tioulwood Court 
Louisville 4029 1 
Tel 1502)426 4341 

MARYLAND 

67Q, Whileijlone Rnad 
Baltimore 21207 
Tel |3ni( gaa 5400 
TWX 710 ^2 9157 
4 Choke Cherry RojH 
Rockville 20850 
Tel (3011 948 6370 
TWk 710 828 9605 
710 B28 0487 
F 0 Bo. 1648 
2 ChDie Cheir> Road 
ROChuHie 20950 
Tel 11011948 6370 
TWk 7ID 828 9684 



MASSACHUSETTS 

32 Haitwell Ave 
Leiingten 02173 
Tel 1617)861 8960 
TW* 710 326 6904 

MICHIGAN 

23855 fleseaict) Drive 
Farmington 48024 
Tel 1313)476 6400 
TW« 816242 2900 

MINNESOTA 
2400 N Piioi Ave 
Roseville 551 13 
Tel (612)636 0700 
TWk 910 563 3734 

MISSISSIPPI 

Jackson 

Medical Senitce only 
Tel 1601)982 9363 

MISSOURI 
1 1 13 1 Coiuradc a»m 
K ansas Citv 64137 
TH (BI6I7&3 8000 
TW* 910 771 2087 
148 WHdon Paikway 
Maryland Heighfs 63043 
TH (3I4| 567 1455 
TWk 910 764 0830 

NEBRASKA 

Medical Only 
"902 E"h Slieel 
Suile 4C 
Omaha 68144 
Tel (402) 333 6017 
NEW JERSEY 
W 120 Century Rd 
Paramus Q>652 
Tel (2011265 501)11 
TW» 710 990 4951 

NEW MEXICO 

P 0 Bu> 1 1614 
Clalion E 

"30n Lumai 0i-irt HE 

Albuoueroue 87 123 

Tel (505) 292 1310 
TWk 910 989 1185 



156 Wvan Ornie 
Las Cruces MOOi 
Tel (505) 526 2485 
TWi 9I0 983 0S50 

NEW YORK 

6 Aulomalion Lane 
Compulei Paik 
Albany 12205 
TH (5(81 458 1550 
TWi 7IQ44IB27Q 
CalculalofS Only 
1251 Avenue o* 'he Amimcar 
Flooi 32 Suite 3296 
New York CHy 10020 
TH 1212) 26 5 5575 
New York City 
ManhaOan Bion* 

Coniaci Paiamua NJ Oflice 
TH (301)265 5000 
Biooklvn Queen'. Richmond 
Coniaci Woodbury NY Ollice 
TH (516)9210300 
201 Suulh Avenue 
Poughkeepaia 12601 
TH 19)41454 7330 
TWk 51Q 248 0012 
39 Saginaw Dint 
Rochesket 14623 
TH (7161 473 9500 
TWk 510 253 5981 
5858 EasI Molliiy Road 
SyraOise 13211 
TH (3)5)455 2486 
TWk 710 54 1 0482 



330 Pic9'e!i'i Pfi 
OSVtOn 45449 
Tel (513) 859 8202 
<Wx 810 459 1925 
1041 kingsmili Paikway 
Columbus 43229 
Tel 1614) 436 IU4I 



OKLAHOMA 

P 0 001 32008 
Ok'ahoma C'ry 7ni2 
Tel 1405) 721 0200 
TWk 910 830 6862 



OREGON 

I7B90 SW Boones Feirv Road 
Tualatin 97062 
TeI (503) 62D 3350 
TWk 910 467 0714 



PENNSYLVANIA 

1 1 1 Zela Drive 
Plttaburgh 15238 
Tel 1412) 782 0400 
Nigrii 7B2 04QI 
TWk 710 795 3124 



(021 81)1 Avenue 

king nl Piussia Indusliidl Park 

King of Prussia I94D6 

TH (2151 265 7000 

TWs 510 660 2670 



SOUTH CAROLINA 

6941 Q N Titnholm Road 
Columbia 29260 
Tgi tH03| 782 *’493 



I Ciussways Paik We!il 
Woodbury M79’ 

TH (5161 921 OJDO 
TWX 510 221 2I6B 



TENNESSEE 

'Memphis 

Medical Service only 
TH 1901)274 7472 



NORTH CAROLINA 

PQ Bdv 5I8B 
1923 NdiII) Main 5lieei 
High Point 27262 
TH (919) B85BI0I 
TWk 510 9Z6 1516 
OHIO 

16500 Sprague Road 
Claveland 44130 
TH 1216 ) 243 7300 
NighI 243 7305 
TWk BIO 423 9431 



Mashuiiie 

Medical Service only 
Tcl (6151 244 5448 

TEXAS 

P 0 Bo* 1270 
201 E Aiapahn Rd 
Richardson 750SQ 
TH (214) 231 6101 
TW* 010 867 4733 



P 0 Bo* 27403 
p]fH3 Wesipa'k Drive 

Suite 100 
Houston 77027 
Tel (713) 781 6000 
TWk 9113 881 2645 



205 Billy Milchell Road 
San Antonio 78226 
Tel (512) 434 8241 
TWk 9 i6 871 1 170 



UTAH 

2160 South 3720 West Slieel 
Salt Lake City 84 1 19 
TH (BOI) 407 D7I5 

VIRGINIA 

Medical Only 
P 0 Bd* I277B 

Nq ‘ krjgfi F»gr TenlBi 

Suile 212 

Norfolk 23502 

Tel 10041 497 1026 7 

P 0 Bo* 9854 

2914 Hungary Sptmqs Road 

Richmor^ 23228 

Tel 10041235 3431 

TWk 710 956 0157 

WASHINGTON 

RpiieiiHd Otiice Pk 
1203 il4lh s"e 
Bellevue 9BU04 
Tel (2061 454 3971 
TWr 910 443 2446 

WEST VIRGINIA 

Medicalr'Analylical Only 

Charleston 

Tel (3041 ]45 1641) 

WISCONSIN 

9004 yWecI Lincoln Awe 

West Alhs 53227 

Tel (414) 541 0550 



FOR U S AREAS NOT LISTED 

CunlacI ihe legional ollice 
neaiHc! yuu Allanla Ceuigia 
Nnrth Hollywnod Caliloinia 
florkulle |4 Choke Cherry Rd 1 
Maryland Slokie Illinois 
Then complpig addieccec 
aie liLled abpye 



Service Only 



CANADA 



ALBERTA 

Hewlefi Paukard (C-anadal Lid 
11740 hing'iiiay Atre 
Edmonton TSG Ok5 
TH (4031 452 3670 
TWk 610 B3I 2431 



Hewleii Packard (Canada) Lid 
915 42 Avenue 3 E Suile 102 
Calgary T2G IZI 
T?i |4D5| 38T 1672 



BRITtSH COLUMBIA 

Hewlett Packard (Canada) Lid 
8-17 E Tnidana Eiieei 

Vancouver V6A 3R2 

TH (6041254-0531 
TWk 610 922 5059 



MANITOBA 

Hewlett Packard (Canada) Lid 
513 Ctniury Si 
31 Jameb 

Winnipeg R3H OLB 

Tel (2041 786 7581 
TWk 610 671 3531 



NOVA SCOTIA 

Hewlett Packard (Canada) Lid 
BOO WindmiH Road 
Oartw>0u*h R1R ILI 
TH I902I469 7B2D 



ONTARIO 

Hewltn Packard (Canada) Ud 
1785 Woodward Or 
Ottawa «2£ OM 
Tel (613)225-6530 
TWk 610 562 8968 
Hewlen Packard iCanadai Ud 
6877 Goirway Drive 
Missiasauga L4V IL9 
TH I4I6I 6>B 9430 
TWk 610 4 9 2 4246 



QUEBEC 

Hewlett Packard iCanadal Lid 
Z7s Hynus Blvd 
Pointe Clairs H9R IG7 
Tel r5l4i 697 4333 
TWk 610 432 3022 
TLk 05 821521 HPCL 



HewlHI Parkard (Canada) Lid 
2376 Galvanr Blreel 
Sle-Foy GIN 4G4 
Tel (4101 bBB 0710 



FOR CANADIAN AREAS NOT LISTED 

Coniaci Hewlell Packard (Canadai 
Ud rn Mrcara^auga 



CENTRAL AND SOUTH AMERICA 



ARGENTINA 

Hewlett Packard Aigenlrna 
3A Cel 

Lavalle 1 171 3 Piso 

Buerves Aires 

TH 35 0436 35 0627 35 034) 
THet ni 2 inng 
Cable HEWPACk ARC 

BOLIVIA 

'_iampui> S Natii (Boi'via) L'da 
Av Mairscal Santa Glut 1342 

La Pax 

TH 40626 53163 52421 
THe* 3560014 
C-able BUKMAR 

BRAZIL 

Hewlell Packard Do Brasil 
I E C Lida 

flua Frei Cineca I l52Be'aV'Sla 
Linn? sao Peu<o SP 

TH 288 71 II 287 81 20 
287 61 93 
THe* 3D9I5I 2 3 
Cable HEWPACK 3ao Paulo 



Howiett Backa'iJ Do Brasil 
I E C Lida 

Praca Dorn Feliciano 78 8 
andai iSala 6O681 
9000-P(Wto Alegre-RS 
Tel 25-84 70-00D (0512) 

Cable H£WP&CK POrtg Alegre 

Hewlen Packard Do Brasil 
I E C Lida 

Rua 3iqueiia (Campos 53 4 
andai Copacabana 
2000-Rio de Janelro-GB 
Td 257 80 94 ODD (021) 
Tele* 2 'OQ 79 HEWPACK 
Cable HEWPACk 
Rio de Janeiro 
CHILE 

Calcagni y Ueicalle L'lia 
CalleLiraSi Otrcina 5 
Camilla 21 IS 
Santiago i 
TH 398613 
Cable C-ALMET 



COLOMBIA 

Injlr umgni3c‘d" 

Hentik A Langebaek j Kier I 
Carrera 7 No 48 59 
upanado utieo 6287 
Bogota, I 0 E 
TH 45 78 06 45 55 46 
Cable &AR15 Bodora 
Tele* 44400INSTGO 
COSTA RICA 
Cienfrtrca Ccsraurcgnsj 5 
Apaiiado 10159 
San Jos* 

Tel 21 86-13 

Cable GALGUR San ios8 

GUATEMALA 

IPESA 

Avenida La Reforrna j a 8 
Zona 9 
Guatemala 
Tel 63627 64706 
THe* 4192 TELTROgu 



MEXICO 

Hewlell Packard Mencana 
SA deCV 

Toiick Adahd No 21 II Pi'.o 
Col del Valle 
Mailco 12 0 F 
TH |905| 543 42 32 
THe* 017 74 507 
Hewlell Packard Meucana 
£4 de C V 

Ave Conslilucidn No 2184 
Montarray N L 
TH 48 71 32 48 71 84 



NICARAGUA 

Robeilo Teiin G 
Apatiado Postal 689 
Edihuo Term 
Managua 
TH 3451 3452 
Cable ROTERAN Minjgua 



PANAMA 

Elecitonico Balboj S A 
R 0 Boi 4929 
Calle Samuel Lewr;, 
Cuidad de Panama 
Tel 54 2700 
Tele* 1431 103 Curunda 
Canal Zone 

Cab'e ELECTRO*! Oa"a"'a 



PERU 

Comoanra Elecliu Medica j a 
A ve EoiiQue Ca>ia.]l Jl2 
San Isidro 
Ca-tilla 1030 

Lima 

TH 22 3900 
Cable ELMEO Lima 



PUERTO RCO 

San Juan Eleciromc*; Inc 

PO eoi5lb7 

Ponce de Leon 1 54 

Pda 3 PTA fle Trerra 

San Juan 0D9D6 

TH iB09j 725 3342 72,' 3342 

Cable SATROtllCS Sdi< Juan 

T-i»= Satjuqm 34in tJ2 

URUGUAY 

Pablo kerrandn j A 
ComeTial e I'trlunlrial 
Aveniija llalia ''B77 
Camilla rte Cnrreo J70 

Monlevideo 

IH 40 J1Q2 

Cable RADluM Munievrdto 



VENEZUELA 

Hewlell Pailiard de veneruela 
C A 

ADaMado 50933 
Edrlrcro Seqre 
Tercera Transvercal 
Los Rurcts linile 
Caracas 107 
Tgr iH on 1 r 
Tele* 21146 HEWPACK 
Cable HEWPACK Caracas 



FOR AREAS NOT LISTED, CONTACT 

Hewlett Packard 
Inlei Amerrcas 
3200 Hriluew Ave 
Ra'8 Alto CalrlOfiia 94304 
Tel 14151 493 1501 
TWk 910 373 1260 
Cable HEWPACK Palir Allu 
Tele* 034 B3Q0 D34 0493 



EUROPE 



AUSTRIA 

Hewien cj: ijid Ce^ -n 6 h 

!.? 2 

^ u Bqj r 
■i I ■’01: V»nr.« 

iT'Zri J!j 'h ■’D 'T ■'H 

CjSlt* MfWPA* Vifnni ' 
"lb;] j 

BELGIUM 

Hr»len Paruid Bfnwti 
5 A N V 

A»Wue ae ^rn i 

B I !70 B<uts«ls 
Tel 102) 672 2c *Q 
C49t P««l08En BiuEUEl: 
Tdei 22 4S1 Mlcbei biu 

OEMMARR 

Hewierr Paduid A S 
Ditiiei 52 
Dk 2460 Birk«r»d 
Tel t02l 61 66 40 
CkDie HEWPACk AS 
Tde> I66 40 rtpaii 
HeikletT Pacuid A'5 

Njirervei I 

Dk 6600 SiriMborg 
Trt 1061 62 71 66 
T«e. 166 40 Up as 
CaD>e HEWPACk AS 

FINLAND 

tiewien PacWifl Oy 
NahiafiSuSuillie 5 
P 0 Bdi 6 

!^F 0U2I I HNstnIu 21 
Tel 692Mjl 

ujrip MtwPkCkOr Helsinki 
Tefts 12 Ib363 

FRANCE 

Hewletl Padyifl Fiance 
Guaniei de Courtatoeul 
Boi.f Pusiale Mo 6 
r iiuoi Ors«v 
■f 1 .1 907 78 25 
Caae HEWPACk Oisa* 

Telei 60048 
Hewlen PaBu 0 Fiance 
Agence Reginnal 
LUemm oes Mihjilles 
Bone Pmuff No )? 

F 69120 Eodly 
Tel (78) 13 81 25 
fjble HEWPACk Ecully 
the* 21 617 
Hewlen ^clufd Fiance 
^gence Hfigwnale 
Zone A8ioniubque 
A*emie Clfcmen) Adti 
F 2 1 770 ColomlWs 
Tel |6I)_76 II 55 
Tfsei 3ia57 



Hrwir I Pdi UdiQ nance 
Acem e Rtgionalh 
Cenhe d ji laiinn qeneiale 

I 2 21 Aeiopori d« 
Msngriane 

lei i9l, 89 k J6 



'Wt jr’ii r 



Henierr Pailijid Fian.e 
Agenre Hegiungle 
hj Auenue de Roche,n>i 
I 25000 Ranncs 
TrI 74912 F 
Telki ■’4 912 F 



He*len Pa-laid Fiance 
Agence Regional^ 

74 Aiiee de la Hoberrsau 



F b7000 Straabourg 

Tel iSB) 25 2 j 2I2>2i 

Telei B9I4I 

Cable HEWPACk STRBC 



Medical'CalculalDi Onlv 
Hewleli Packdid Fiance 
Agenre Rtgionale 
Cenlie Vduban 
201 lueCalben 
Enliee Aj 
F 5900U Lille 
Tei (20) 51 44 14 



GERMAN FEDERAL REPUBLIC 

Mewlen Parkjifl GmbH 
Verriiebjjeniiale Fiankltiri 
Beineiiiiasse 1 17 
Ps:ftacn 560 140 
D 6000 Frankfurt 56 
Tel (06MI 50 04 I 
Cable HEWPACkSA FianKuH 
Tne» 4 1 22 49 lij 
Hewlen Packaid GmbH 
TcchniELnes Sueio BoDiingen 
Heiientjfigeisdd ,se 130 
0 7020 BOblIngen WurTlembeig 
Tel (07031)667 1 “ 

L-anie hEPAk BotHmgen 
Telet 07265739 hbn 
Hf«lril FdLfcdiQ GfTIDH 
THfinirrhe, Bueia Dusseldotl 
Vogelranqei Weq 38 
p 4000 Ousseldort 
lei (D2I II 63 BO 3I?5 
Tele 85 86 533 bpoa a 
Hewlett Pdckdia GmoH 
TechnisctiE: Bueia Hambuiq 
Wenden'rliasre 23 
p 20DU Hamburg 1 
lei ID40I 24 13 93 
Cable HEWPACkSA Hamouig 
Telei 21 63 032 bpbh d 



He*leii Packaid GmDH 
Tecnnisches Bueio Hannniifi 
Muter, ar.rlri Siua^e 3 
p tOQQ Hannaear Klaaleui 
in (051 II 55 Ml 46 
I He. 092 2259 
Heurlett Pdckam GmbH 
Trcnniscbfi Bueiu Nuiembeiq 
Heumeye. 51, gu 
D 8500 Nuremberg 
TH {D9M| 5b JObT'BS 
Tele. 0623 B60 
Hewlett Packaid GmbH 
Tnnnisrftei Buein Muiben 
Onleibachingri Siiasse 28 
ll(AR Ceniei 
0 S01J Ottobrunn 
Tel (069) fiOf 30 61/7 
Tele. 52 49 85 

Cable HEWPACk 5A Muncnen 
iWast Barl.n) 

Hewlen Packaid GmbH 
Teitmisrhes Bueio Beilin 
hHlh Oiiascf 2 4 
D luiiO Barlin 30 
Tel |030| 24 90 86 
Tele* IB 34 05 bpbln d 
GREECE 
kurlar Kaiayanr,,, 

18 Ermou 5lieel 
Cfl Athens 126 
Th 323D 303 Sales^SVC 
3230 305 «cm Oidei Pioc 
Fable RAkAR Albens 
Tele. 21 59 62 ikji gi 
Hcwleri Packaid ■■ A 
Metiiieridrwan 8. Middle East 
Upeijiians 

35 haloeuiiDni 3iii=p| 

PUlij kelallai.uu 
Gi kiti5-ia Athens 
Tel 808IU37 8080359 
BOB0429 80IBF93 
T+< 2 1 o5na 
Cilile HFWPACMGA Alheni 



kiuirtical Only 

INTECO G Fapamanassiiiu & m 
Mjlill 17 

Cfl Athene 103 
TiN 521 915 
ume tNTEKNIkA 
THr. 2 I 5329 iMTE GR 
MrdiLdl Only 
TatiiiDmfd Hrtl«-= Lid 
52 OkDufa Glieel 
pfl Athens 135 
lei 626 372 
UUr ETALAr ninenc 
THr. 2 1 4693 ETAL GR 



IRELAND 

Hewlkti Packjifl I Id 
kinq Siiepi Lane 
Wfinnei sfi Wokingham 
GB Berhanirc RGlf 5AR 
le' Wiiliinghdm 78i> 74 
Tele. 8471788481/4 



Hp»iett Pdchjid Lid 
The Giatlonq 
Slamloid New Road 
GB AlIrtTKiMm Cheshii 
Tel 1061) 928 9021 
Tele. 668068 



ITALY 

Hewleii Packaid llaliana S p 1 
Via Amengo Vecpuco 
> 20124 MUan 
Tel (41 o25i ( 10 hnei) 

Fable HEWPACkiT M«an 
Telei 32046 

Hewlett Packaid llshan. C p A 
Via Pieiio Maioncelli 40 
(dna Via Visenlinl 
I jSiuil PaaovB 
Tel 66 48 88 
Tele. 32046 413 Mean 
Medical Only 

Hewlett Packaid iialiana 5 0 A 
Vid Medralie d Oio 2 
I 56iu0 Pisa 
Trt (050) 2 32 04 
Telei 32046 iiia Milan 
Hewleli Packaid E p A 
Vid G Aimellim 10 
I 00143 Rome-Euf 
Tei (6) 5312544/5 
Telt. EI5I4 

Cable HEWPACMT Rume 
Hewleli Packaid llali,ma 5 p A 
Via San Quiniino 46 
I 1012! Turin 
Tei 5J H2 64/54 84 68 
TelEc 32046 .la Milan 
Mrdical‘Cdiculaioi5 Only 
Hewlett Padiaid llalianu S p A 
Via Pimripe Nicola 43 G‘C 
M5I26 Catania 
IH IIIH5I 370505 
LUXEMBURG 
Hewlett Pai kaid Benelu. 

5 A Id . 

Aiienue dt Col Veft I 
IGiuentiaaglainl 
B 1170 Brusaets 
lei |O2|b72 22 40 
Gable PALOBEiv biussHs 
Tele. 23 494 



NETHERLANDS 

Hewirii Par.aio fieneiu. N V 
Van Heu en Coe Ifiaira.n Iti 
P 0 8>ii 66’ 

NL 1134 AmMatvMn 

lei iu30i 4, ./Q <1 

Cable PALOBEN A.Toicidam 
Teifi 13 216 bepj ni 

NORWAY 

Hewlett Packaid Noige A 5 
Nes.eien I3 
Bo. 149 

N 1 344 Hsalum 
Tel 25 36 16u 
Tele. 1bb2 1 ftpnas n 

POlamO 

Anaiyt.ral'Med>L«i Only 
Hewlett Packaid 
Waiuw Techmol Otticr 
UL Spiiaine I 
00 i20 Warsaw 
TH 268031 ert 30 
Trie. 812453 

PORTUGAL 

leleclii Empiesa Teoiaa de 

Equipamentos Eleoiico'. Sail 

Bua flodiigo da Fonseca 103 

F 0 Bo. 2531 

P Lisbon I 

Tel (I9| 68 TO 72 

Cable TELECTRA Luibon 

Trie. 12598 

Mundinlei 

iniEicambm Mundial dt Comtici 
Sail Ateiiida Anionio kugusio 
de Aguisi 1 38 
P 0 Bn. 2761 
P Lisbon 
lei 1191 j 3 2t 31 7 
Cable INTCflCAMBiD usDon 
SPAIN 

Hewlen Facwiq tspanula 3 A 
Jeiei No 3 
EMadnd 16 

Tel Il|45a 26 00|l0(,nest 

IHPH 23515 fipe 

Hewlett Packaid Espanola 5 A 

Uildnesaao d 1 23 

E Barcelona 17 

Tel 131203 6200 15 lines/ 

Tele. 52603 hpbe e 
Hewlett Packaid Espannid 5 A 
Av Ramon y Caial I 
Edilino jwiiia 1 piania 9= 

E So«ille 
Tel 64 44 54 58 



AFRICA, ASIA, AUSTRALIA 



ANGOLA 

Triectia 

Empiesa Tecmca de 
Equipamentus 
Electncnt S A fl L 
R Batbosa Rodnooes 42 I Dl 
uaia PosttI 6487 Luanda 
T« 35515/6 

C^te TELECTRA Luanda 



AUSTRALIA 
Hewtetl Pacnara Ausiiaiid 
Pl> lid 

3MI Joseph 5lrwi 
Blaekbum Viaoiia313Q 
(ft 89-6351 89-6306 
Tries 31-024 

GaWe HEWPARO Mribouine 
Hewlett Packard Au.lialia 
Pty Lid 

31 Bndge Gireei 

Pymwe 

**» !iuuih Wwfs 2Q73 
Tri 449-6566 
Trie^ 21561 

Cable HEWPARD Sydney 
Hewien Packard Ausiiaiid 
Pty Lid 

9i Churcraii RodO 
Proapact 5082 
^th Ausiraha 
Tel 44BISI 

Cable HEWPARO Adelaide 



Hewtetl Packaid Auiliahd 
Pty Lid 

<41 Sbriino H.ah«»ay 

Ctarwnoni W A 6010 
'ei 36 54 55 
>«ei 93859 
CaWe nFwPaRD 



newien Packard Au' liaiia 
Pr, Lid 

i2i Wnliongong ^iieet 

Fvahwtch A t I *^9 

Tri 95 3 733 



Hrwten Packaic Au'iubj 
no 
-in I Inr- 

'earbeit Union Buiidnw 
495 499 BoofWah Siieer 
Spring HUI 400n Qu-YnMami 

Iri .'S |-*44 
rie= 444 iJi 



CEYLON 

uniirr f er'iirai'i | tn 
P J Bll t:fal 
nU Pjpi 

Colomba '' 

Ifi 266% __ 

Cariif MriTPuiNi Ciiiu iitin 

CYPRUS 

irypinnit!. 

19 CifgoiiD & ntnnpiiuiai; Rn 
P 0 Bax 1 152 

C« Ntcotia 

(H 45678 ■’9 

Cable ktPR0NiC5 PANDFhiG 



HONG KONG 

jchmidi & Cd (Hong honoi Lid 
P 0 Bos 297 
Connalighi Cenlie 
39th FIdoi 

Connaughl Road Cential 

Hong Kong 

Tel "55291 

leie. 747bB5CH_MCHlt 

Cable SCHMIDTlu Mong nong 

INDIA 

Blue niai Lid 

Kadluii Building^ 

Jarnrhed/i Tjij Ro 
Bombay 400 02Q 
Tel 39 5D 2 I 
TeiFi j/ai 
Cable BLUEFRKiT 



Blue Slai Lid 
Sanai, 



414:2 V,i Si.irkai 
Piabbadeui 
Bombay 400 025 
Tel 45 78 87 
Teles 4093 
Cable FROSTBLUE 



Maig 



Blue Sia, Lid 
Band Box Houre 
Prabtiadeui 
Bombay 400 025 
Tbi 45 7j Ol 
Teles 37SI 
Cable BLUECTAR 
Blue 5lai Lid 
I4'40 Ciyil Lined 
Kanpur 208 00 1 
Tel 6 88 82 
Cable BLUEGTAR 



Blue Glai Lia 
7 Maie Eiieel 
P 0 Sdi 506 
Calcutta 700 001 
Tet 23 0131 
Tele, 655 
Fdble BLUEETAR 



Blue :iai Lid 
Blue Cidi Hqu' e 
34 Ring Ruad 
LJipdl ridgai 
Now Dalhi I III o~ 
IH 62 12 ^6 
Tele. 1463 
Cable SLUE5TAR 



Blue 5ldi L!1 

Blue Dial Huuiit 

M I U Mdgjidin Riiaa 

Bangalort bbU 025 

Tet 55668 
Tele. 430 
'-able BLULDTAR 



Blue Dtji Llrt 

Meti.jni Manoiijn 

'■II 16 0 MahjiTis Gaiflhi Rfi 

Cochin BB’’ (iih Ntijia 



Hiiir Dial Lid 
I I 117, I 

SaMi/ini Den Riud 

Secunderabad 50(1 003 

Tel 7 6 3 91 7 73 9j 

Came hlucPhUjI 

Tele: 459 

Blut- Diar Lid 

23 24 Decond Line Bea^h 

Madias 600 001 

Tel 21954 

Teie. j79 

Cdbli BLUEDTAR 

BlurDlu. Lid 

Naihi i| Man-ion. 

2ndriDai Bialupui 
Jamahodpur 831 ool 
• ei Id 04 
Cubir BLUES7AR 
Telri 240 

INDONESIA 

BERCA Induiiriiia P 7 

P 0 Bn. 496 

IsIIIdoi JL CikiniRaya6l 

Jakarta 

Tel 36036 4u369 49886 
Tele. 28 95 JaUn* 

IRAN 

Mull> Cmp Inieinaiionai Lio 
Auenue Soiay-a 1J0 
P 0 6o. 12 12 
IR Teheran 
Tei HJ 10 35 J9 
Cabir UULTICORP Tenian 
Tele. 2893 mci In 



Eleilionics & Eng.nrtiing 
Ol' ol Moioiolj liijel Lid 
17 Armnsdav Glieel 

Tal Ayiu 

Tel ih44i tjiinei,i 
Cable BASTEL Tel A,., 

Tele. 33569 

JAPAN 

tokiigjwj Hewleli Packaid Lid 
0r>3iiii Building 

1 59 I ’loyoqi 
Gtlibuyaku tokyo 
Tel 111370 2281:92 
Teiei 2J2 2024»HP 

Cable iHPMARkET TOr 23 72- 
>okuy:iwa Htwitn Fjuijia ud 
Mi:ei lliiiagi Bldg 

2 2 8 l'jiug 4 
lbai:iiji Dhi 
Osaka 

Tfl 1II7J61 2 I I641 
Tele. ',332 3H5 VHPODAkA 
Hewlen Paclaid Ud 
Wak-imn Building 
No 24 Kamirranaiirna 1 ho 
Nakjmuia ku Nagoya Cily 
Tel illDj, 57i 5ifi 



Vnkoqawa Hewlett Packaid Lid 

lamqawa Building 

2 24 I T.uiuya enu 

kjnjqjwa ku 

Yokohama 221 

Tel 045 312 i25n 

IHF. 382 3204 VHP ¥08 

Vnkagawa Hewlett Packaid Lid 

Milo Miiiiui Huiiding 

I 4 '3 Djn no nidiu 

Milo 310 

Tel 0292 25 7470 

Vukogawa Hewleli Packaid Lid 

Innue Building 

1348 3 Hsani cno 1 mume 

Alaugi 243 

Tel 0462 24 0452 

KENVA 

Tethnical Engine«ing Ceiuicp- 

PO Bo. IBJII 

Nairobi Kenya 

Tei P7726 

Gable PROTON 

KOREA 

Amencan Tiaaing Company 
Kniea 

IPO Bo. 1 103 
OaekyungBldg Slh Fliioi 
107 Geiong Ro 
ChofigiuKu Seoul 
Tel |4 lineu *j B9j4 * 

Cable AMTRAGn Geoul 



KUWAIT 

Al khaldiya Tiading & 
Cnniiaciinq Co 
Al Dnoi Glieel 
Micnaan Biog No 4 
Kuwait 
Tel 42 99 10 
Cable VIGCOUNT 
LEBANON 
Con' ianfin E Mjnidis 
Clemenreau Glieel 34 
F 0 Bo. 7213 
RL Berut 
Tri 36 63 9’ 8 
Tele. 21(14 Leb 
Cable ELECTRQNUCLEARBeiiul 



MALAYSIA 

UELOMB Malayma Ud 
2 Lofong 13 6A 
Sciiinn i3 

Peljlmg Jayj Selango, 

Cable MFCOMB KuJia Lumpui 



NEW ZEALAND 

Hewlett Packa/d IN Z ) Ud 
4 12 Ciuickjhank Dlieef 
HHOunie Wrilinglon 3 
Mailing AddiCs. 

Hewlett Packaid |N I \ Lid 

P □ Bo. 9443 

Courtury Pface 

WalN^on 

la fir < l99 

Tele« NZ 3898 

Hewlett Packaio |kt Z j ud 

Pakuianga Piolescaunal Cenlir 

267 Pakuianga Highway 

Bn. 51092 

Pakuranga 

TH 569 Ml 

Cable HEWPACk Auckland 

Analytical'Mnfical Only 

Denial A Medical 5upply Co Lid 

Scienlilic Onirnon 

79 canion Goie Road 

Newiiiaikel 

P 0 Bo. 1234 

Auckland 

Tri 75 289 

Caoie OEnTAL kucUand 

NIGERIA 

The Eledionir*; 

Injiiumeniaiions ud 
N6B •’70 Oyo Road 
OluLeun House 
/MB 54U2 
Ibadan 
Tel 61577 

Cable ThETEIL Ibadan 
The EltcliQuics Injiiumenla 
linn< Lid ITEILI 
I6lh Fluoi Cocoa Hnuu 
P M e 54U2 
Ibadan 
Tel 22325 

Cable THCTElL Ibadan 

PAKISTAN 

Munniin & Company Ltd 
Ousmaii Chambeir. 

Abdullah Hjiinn Ruad 
Karachi 3 
Tel 511027 512927 
Cable COOPERATOfl kaiachi 
Mujhko a rnmpjn, Lid 
JBB Galrilile Town 
Rawalpindi 
7ei 4ia74 

Cable ItMIlD R^wJp.nd 



MOZAMBIQUE 

AN GuncainF Lid 
162 I Apl 14 A» D Luc, 
Gaud Pu'ildi 107 
Louranco Marquaa 
Tri 27091 27li4 
Trie. 6 2D3 Megan Mo 
Cable NEGON 



PHILIPPINES 

ClrilioiTir. inr 
GIti FIniii AfTidlgamaied 
Deetlnpmeni Cmp Bldg 
AyJld Avenue M,iidl fli-Ml 
C C H □ Bui 1028 
Makati R.,41 
Tel Hb IB 8'' 87 76 
Cable ELCMGk Mamlj 



Heeieii Pjckaid Eipanaia D A 
Fddiuifi Aibid II 7 0 
I Diioao 

T*- 23 03 (Ih 'T H,' 06 

Lairulal:::. Only 

*^“eie(( PdLkjiij LDparitla '' 4 

Aivaic Ba’tn |7 
(Edilino Lui I 
E Valancia lO 
Tel FO 42 OD 



awEDEN 

Hewlett Packdid Dvenqe uB 
Enigheirnagen I 3 
Fai k 

5 Ibl 20 Bromma 20 
Tei I(38| 730 05 50 
Cable MEADUREWENTj 
S lockhDlm 
Tele. 1U72I 



Hewlett PaukdiO Dtreiige A 
Hagjkeirigaian 9C 
a *3 1 4 1 HMndal 
TH |D3I) 27 68 OUiOl 
Tele. Viafiiomma 



SWITZERLAND 

Hewlen Packaid lEchweu) AC 
fuctieiEtiasEB 20 
P 0 Bo. 64 

CH 8552 ucniieien Zuiich 
Th (Oil 98 18 21 
Cable HPAG CH 
THex 53933 hpa^ 

Hewitrt Packd.d ,5urwe,ii AG 
9 rhemin Lmuil Fidel 
CH 1214 Veiniei Ganava 
I El (U22J 41 49 50 
Cable HEWPACk GEne.a 
Trie. 27 33a hpra ch 



TURKEY 

Triekom Engineeiing Buicau 
Daglik 5ok Nn 15' I 
AyaspdLa Beyoqiu 
e u HDi 437 Bfynqlu 
TR Istanbul 
Tel 49 40 40 

Cable TELEMATION Irlanbul 



HewHl P:ji Laid Lid 



Dduih Geiyire yVhiile:.jle Cenfte 
«mDf) 

Hiilf nwen Indu.inji F'ljfe 

G9 Halesotven Wi n . 

Tel fiiiminiiham 7g6il 



Hewlett Parhaid Lid 
4lh ' Iddi 
rteoge HDu':e 
: 99 Lrindiin Ruao 

OB Thornlon Healh CR4 6 I 

Gulley 

TH mi) Ed4 0IU5 
Teiei 446U25 



Wa,hingiuii 
GB Ntw Town Courtly 0Lin,i 
Tel Wjrrimglun 464U0I e.i 3i 



Hewlett Pai tdid Lig j ipqiik 
addif'iL fni VAT pmpDjeL 
finly 

70 Finsbuiy Pavemeni 
London ECZAIGk 
flegi.ieiel l|a 690597 



eieil 



USSR 

Hewlett FdC.aiO uGGR 
r 0 CummeiLijI Dllu r 
Ampiiudn Embjjn iBu. Mi 
A IU91 Vienna Au'Iih 
lei 22i 79 71 
Tele, 7825 hp«pd. Du 

YUGOSLAVIA 

unu Jianaaia Hewlett ParkdiO 
□t1u-e 

Mihlnacrua 3B vil 
Fiono L|ubl|ana 
Tel 315 079)J2I h74 
Tele. 31265 



UNITED KINGDOM 

Hewleli Packaid Lid 
king 5lieel Ldiie 
WinneiLh Wpkinqham 
G6 Berkshiia Ru 1 1 uuR 
Tel Wdi ingnam 7H4"4 
Tele. 847178 048179 
Hewlett Pai hjid Lid 
_The Ljiallon!; 
jiamiGiO New Riidd 
GB Allriiicham Cneanue 
Tel lOMi 920 90‘'l 
Tele. 668068 



SOCIALIST CuunTRiES 
PLEASE CONTACT 

Hewlen PaLtjid D a 
7 jue_du Boil, du Lan 
1- U Hill 349 

CH 12 1. Mryiin I Geneva 



-iwiLerland 
Tel (U2J1 41 54 (Id 
Cable HEWFALkDA Geneva 
Trinq 2 .4 no 



REUNION ISLANDS 

ZOOM 

B P 938 974D0 Garni Denis 
85 Rue Jean Chalel 
Me de la Reunion 
Tri 21 13 75 
Cable ZOOM 
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SECTION I 

GENERAL INFORMATION 



1-1. INTRODUCTION. 

1-2. This section contains general information concerning 
the -hp- Model 3465A Multimeter, Included is an instru- 
ment description, specifications, information about instru- 
ment and manual identification, option and accessory 
information and safety considerations. 

1-3. DESCRIPTION. 

1- 4, The -hp- Model 3465A Multimeter is a 4-1/2 digit, five 
function digital multimeter. The five functions are dc volts, 
ac volts, dc current, ac current and ohms Measurements 
can he made to four significant digits with a sample rate of 

2- 1/2 readings per second. Throughout tins manual, the 
34h5A Multimeter will be referred to as Multimeter. 

1-5. SPECIFICATIONS. 

1-6, Instrument specifications are listed in Table 1-1 These 
specifications are the performance standards or limits 
against which the instrument is tested. Any change in the 
specifications due to manufacturing, design or traceability 
to the U.S, National Bureau of Standards will be covered by 
revised pages to this manual, Additional information 
describing the operating characteristics are not specifica- 
tions but are supplemental information for the user, 

1-7. INSTRUMENT AND MANUAL IDENTIFICATION. 

1-8- Hewlett-Packard uses a two-section serial number The 
first section (prefix) identifies a series of instruments The 
last section (suffix) identifies a particular instrument within 
the series. If a letter is included with the serial number, it 
identifies the country where the instrument was manufac- 
tured, This manual is kept up-to-date with the instrument 
at all times by revision. If the serial prefix of your 
instrument differs from the one on the tie page of this 
manual, refer to Section VIII for backuating information 
that will adapt this manual to your instrument. All 
correspondence with Hewlett-Packard should include the 
complete serial number 

1-g. OPTIONS. 

1-10, Multimeter options are available to provide alternate 
methods of powering the instrument The standard instru- 
ment IS powered by rechargeable NiCad batteries or can be 
powered from an ac source of 86 to 127 V or 1 72 to 254V, 
48 to 66 Hz. 

1-11. Option 001. 

1-12, Option 001 allows ac line operation only. Power is 



derived from an ac source of 86 to 127 V or 172 to 254 V 
48 to bb Hz, Two NiCad Battery Packs can be installed at 
any time to allow portable operation of the Multimeter, 

1-13. Option 002. 

1-14 Option 002 IS powered by four “D" type dry cell 
batteries (U2 in Europe), Alternate power can be derived 
from most Hewlett-Packard hand-held calculator battery 
chargers such as tire Model S2002A Battery Charger/AC 
Adapter througli a special rear panel input connector, 

1-15. ACCESSORIES. 

1-1 6. The following accessories are available to extend the 
usefullness of your Multimeter: 

1 Model 1109bA RF Probe, 100 kHz to 500 MHz 
(down 3 dB at 10 kHz and 700 MHz), for use on the 
10 V and 100 V ranges in the DCV function only 

2. Model 11002A Test leads, dual banana to dual alliga- 
tor, 

3. Model 11003A test leads, dual banana to probe and 
alligator 

4 Submodule front handle, -hp- Part No 5061-2001 

5, Handle Kit (Rack), -hp- Part No. 50b 1-0088, 

b. Rack adapter kit (includes 1/2 module filler), -hp- 
Part No, 5061-0054, 

7 Nickel Cadmium Battery' Pack (2 required) -hp- Part 
No 00035-60024 

8, Model 82002 A Battery Charger/ AC Adapter, alter- 
nate power (battery elimination) for the Option 002 
Multimeter, 

9 1 1 129A Binding Post Kit, 

1-17. SAFETY CONSIDERATIONS. 

1-18. This operating and service manual contains cautions 
and warnings alerting the user to hazardous operating and 
maintenance conditions This information is flagged by a 
caution or warmng heading and/or the symbol /\ . The 

A\ symbol appears on the front panel and is an 
international symbol meaning “refer to the Operating and 
Service Manual”. This symbol flags important operating 
instructions located in Section III. To ensure the safety of 
the operating and maintenance personnel and retain the 
operating condition of the instrument, these instructions 
must be adhered to. 
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Table 1-1. Specifications. 



DC VOLTMETER 

Ranges: 10 mV, 100 mV, 1 V, 10 V, 100 V, 1000 V 

Overrange: 100% on all ranges except 1000 V max. on the 
1000 V range, 

Accuracy; (90 days, + 23 + 5^CI 

RANGE SPECIFICATION 

± {% Reading + % Range) 

10 mV ±(0.03 % + 0.02%) 

100 mV through 100 V ±(0.02 % + 0,01%) 

1 000 V ± (0.025% + 0 01 %l 

Temperature Coefficient (0°C to 50°CI ± 0 003% of 

Reading/ C 

Effective Common-Mode Rejection (with 1 imbalance in 
either lead); 

AC > 120 dB at 50/60 Hz ± 0,1% 

AC Normal-Mode Rejection; 

> 60 dB at 50/60 Hz ± 0.1% 

Input Resistance: 

10 mV through 1 V ranges (80% R.H.) >1o'° n 
10 V through 1000 V ranges: 10 Mn ±1% 

AC VOLTMETER 

Ranges- 100 mV, 1 V, 10 V, 100 V, 1000 V (500 V Max) 

Overrange; 100% on all ranges to 10 kHz decreasing linearly 
to 0% at 20 kHz Maximum input voltage on the 1000 V 
range is 500 V rms. 



Accuracy; 190 days, + 23°C ± 5°C) ± (% Reading + % Range) 
1000 V 




INPUT VOLTAGE FREQUENCY (Hz) 

Temperature Coefficient (0°C to 50°C): ± (0 005% of 
Reading + 0.002% of Range)/°C 

Input Impedance; 1 M ± 1 % shunted by < 100 pF 
DC AMMETER 

Ranges: 100 pA, 1 mA, 10 mA, 100 mA, 1000 mA 



Accuracy, (90 days, -k 23°C 
RANGE 


O . 

: ± 5 c) 

SPECIFICATION 
± (% of Reading + % of Range) 


100 pA, 1 mA 




± (0.07% -k 0.01%) 


10 mA 




± (0.1 1%-k 0-01 %l 


100 mA, 1000 mA 




± (0.6 % + 0.01 %) 


Temperature Coefficient (0°C to 50°C) 


RANGE 




SPECIFICATION 






± (% of Reading)/°C 


lOOpA 




± 0.006% 


1 mA, 10 mA 




± 0,004% 


100 mA, 1000 mA 




± 0,01 % 



AC AMMETER 



Ranges' 100 pA, 1 mA, 10 mA, 100 mA, 1000 mA 

Overrange. 100% on all ranges to 10 kHz decreasing linearly 
to 0% at 20 k Hz 

Accuracy; (90 days, -I- 23^C ± 5^0 



± (% of Reading -I- % of Range) 




INPUT CURRENT FREQUENCY (Hz) 



Temperature Coefficient (0°C to 50°C); ± 0,01 % of Read- 
ing/°C 



OHMMETER 

Ranges: 100 n, 1 kn, 10 kn, 100 kn, 1000 kn, 10 Mn 

Overrange: 100% on all ranges 
Accuracy'190 days, -k 23°C ± 5°CI 



RANGE SPECIFICATION 

± (% of Reading -I- % of Range) 

1 00 n ± (0 02% + 0,02%) 

1 kn through 1 Mn ± (0,02% + 0,01 %) 

10 Mn ± ( 1% + 01%) 

Temperature Coefficient (0 C to 50 C) 

RANGE SPECIFICATION 

± (%of Reading)/°C 

± 0 001 5 % 

± 0.004 % 



Overrange- 100% on all ranges 



100 n through 1 Mn 
10 Mn 
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Table 1-2. General Information. 



Maximum Input Voltages' 




Nominal current through unknown resistance 






RANGE 


CURRENT 


Between Input HIGH (V, and COM 










100 


1 mA 


FUNCTION 


MAX VOLTAGE 


1 Kfi 


1 mA 






10 KCl 


lOpA 


DC Volts 


1000 V Idc + peak ac| 


100 KCl 


lOuA 


AC Volts 


600 V de; 500 V ac rms: 


1000 Kn 


1 mA 




800 V peak ac 


10 MO 


0 1 pA 


Ohms 


350 V (dc peak ac) 






Between AMPS (A), HIGH (V, Cl) and COM terminals and 


Power Requirements' 




ground; 








± 500 V (de -I- peak ac) 


Standard ac source: 86 to 1 27 V; 48 to 66 Hz 


ACA and DCA Voltage Burden {nomingi at full-scale) 


172 to 254 V, 48 to 66 Hz 


1000 m range, < 250 mV 


batteries 2 rechargeable NiCad battery packs 


All other ranges < 125 mV 


Option 001 ac source, 86 to 1 27 V, 48 to 66 Hz 






172 to 254 V, 48 to 66 Hz 


Reading Rate; 2.5 samples per second 


Option 002 batteries 4 D type dry cells (U-2 cells in Europe) 


Overload Indication; Display Blanks except tor overranqe ’'V 


battery elimination. 


Most Hewlett-Packard 


and decimal point (also polarity sign on DCV or DCA FUNC- 




hand -held calculator 


TIONS) 






chargers such as the 








Model 82002A Battery 


Ohms Terminal Characteristics' 




Charger/ AC Adapter 


Configuration 2 wire 




Environmental Considerations: 








Operating temperature' 0 C to 55 C (32 F to 131 F) 


1 Ooen-circuit voltaae: < 5 V max. 


1 1 








Humidity range- 95% at 40 C 




Overload protection 350 V (dc -I- peak ac) 


Storage temperature: -40 C to -I- 75 C(-40 F to 167 F) 






1-3/14 
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SECTION II 
INSTALLATION 



2-1. INTRODUCTION. 

2-2. This section contains information and instructions for 
the installation and shipping of the Multimeter. Included 
are initial inspection procedures, power and grounding 
requirements, environmental information and instructions 
for repackaging for shipment. 

2-3. INITIAL INSPECTION. 



adapter and connect the green pigtail on the adapter to 
power line ground. 

2-10. ENVIRONMENTAL REQUIREMENTS. 

2-11. The Multimeter should not be operated where the 
ambient temperature exceeds 0°C to 55°C (32°F to 131°F) 
or stored where the ambient temperature exceeds - 40 C to 
+ 75OC(-40°F to 167'^F). 



24. This instrument was carefully inspected both mechani- 
cally and electrically before shipment. It should be free of 
mars or scratches and in perfect electrical order upon 
receipt To confirm this, the instrument should be inspec- 
ted for physical damage in transit, and the electrical 
performance should be tested using the performance tests 
outlined in Section V. If there is damage or deficiency, see 
the warranty inside the front of this manual. 

2-5. POWER REQUIREMENTS. 



2-b. The Standard and Option 002 Multimeters have an in- 
ternal battery source. In addition, either Standard or Op- 
tion 002 instruments can be operated from any ac source of 
86 V to 127 V or 172 V to 254 V at 48 Hz to 66 Hz The 



Option 002 instmment requires the use of a Hewlett- 
Packard hand-held calculator Battery Charger/AC Adapter 
Model 82002A for instrument operation from the ac 
source 



■CAUTION- 



Verify that the 110 V/220 V Line Voltage 
Selection sy^itch, located on the rear panel of 
the Standard, Option 001 Multimeter or the 
Model 82002A Battery GiargerjAC Adapter, is 
set to the ac source voltage to be used before 
inserting the power cord and turning the 
instrument on. 



WARNING I 



To prevent potential electrical or fire hazard, 
do not expose equipment to rain or moisture. 

2-12. REPACKAGING FOR SHIPMENT. 

2-13. The following paragraphs contain a general guide for 
repackaging the instrument for shipment Refer to Para- 
graph 2-14 if the original container is to be used; 2-15 if it 
is not. If you have any questions, contact your nearest -hp- 
Sales and Service Office (see back of Manual for office loca- 
tions ) 



NOTE 

If the instrument is to be shipped to Hewlett- 
Packard for senice or repair, attach a tag to 
the instrument identifying the owner and indi- 
cating the senice or repair to be aecomplished 
Include the model number and full serial 
number of the instmment In any correspon- 
dence, identify the instmment by model num- 
ber and full senal number. 

2-14. Place instrument in original container with appropri- 
ate packing material and seal well with strong tape or metal 
bands. If original container is not available, one can be 
purchased from your nearest -hp- Sales and Service Office. 



2-7. GROUNDING REQUIREMENTS. 



2-8. To protect operating personnel, the National Electrical 
Manufacturers’ Association (NEMA) recommends that the 
instrument panel and cabinet be grounded The Standard 
and Option 001 Multimeters are equipped with a three- 
conductor power cable which, when plugged into an 
appropriate receptacle, grounds the instrument. The offset 
pin on the power cable is the ground wire. 



2-9. To preserve the protection feature when operating 
from a two-contact outlet, use a three-prong to two-prong 



2-15. If original container is not to be used, proceed as 
follows: 

a Wrap instrument in heavy paper or plastic before 
placing m an inner container, 

b. Place packing material around all sides of instrument 
and protect panel face with cardboard strips. 

c. Hace instrument and inner container in a heavy 
carton or wooden box and seal with strong tape or metal 
bands. 
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2-16. POWER CORDS AND RECEPTACLES. 

2-17, Figure 2-1 illustrates the standard power receptacle 
(wall outlet) configurations that are used throughout the 
United States and in other countries. The -hp- part number 
shown directly above each receptacle drawing is the part 
number for a Standard or Option 001 Multimeter power 
cord equipped with tire appropriate mating plug for that 
receptacle If the appropriate power cord is not included 
with the instrument, notify the nearest -hp- Sales and 
Service Office and a replacement cord will be provided The 
Multimeter power cord, power input receptacle and mating 
connectors meet the safety standards set forth by the 
International Electrotechnical Commission (lEC), 
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SECTION III 

OPERATING INSTRUCTIONS 



3-1. INTRODUCTION. 

3-2. This section contains instructions for using the Multi- 
meter for making dc voltage, ac voltage, dc current, ac 
current and 9 hms measurements. The section also contains 
a description of the front and rear panel features. 

WARNING~| 

To prevent potential electrical or fire hazard, 
do not expose the Multimeter or its accessories 
to rain or moisture. 

3-3. Front and Rear Panel Features. 

3-4 An illustration and description of the front and rear 
panels is provided in Figure 3-1 All controls and connec- 
tors are identified and briefly described. Some rear panel 
features are available with certain options only and are 
identified in the description. 

3-5. Turn-on and Warm-up. 

3-6. For specified measurement accuracy, allow the instru- 
ment to warm-up for at least 10 manutes 




Before operating from an ac source, verify that 
the 1 10 j 220 V line voltage selection switch, 
located on the rear panel of the Standard and 
Option 001 Multimeter or the Model S2002A 
Batter}' QiargcrjAC Adapter, is set to the ac 
source voltage to be used. 

3-7. Internal Battery Voltage Measurement and Recharg- 
ing. 

3-8, The Multmieter contains a feature allowing the user to 
check battery strength to determine the need for battery re- 
placement or recharging The procedure is to place the Mul- 
timeter in the DCV function and depress the 10 megohms 
range switch Batteries with full charge will produce a front 
panel display of approximately ,370 If the front panel dis- 
play is ,300 or less, replace Option 002 dry-cell batteries or 
recharge the Standard Multimeter NiCad batteries. Recharg- 
ing of the NiCad batteries is performed by operating the 
Multimeter on an ac source (verify line voltage selection 
switch IS in correct position for source voltage used) Mea- 
surements can be made with the Multimeter operated from, 
the ac source during the recharging period 

NOTE 

After 14 hours, a completely discharged battery 



will be fully charged Shorter charge periods 
will allow reduced battery operating time, 

There is no danger of overcharge. For conven- 
ience, overnight charging is recommended. 

3-9. Low Battery Voltage Detection. 

3-10 The Standard and Option 002 Multimeters contain 
an internal battery source (Standard contains rechargeable 
NiCads, Option 002 contains “D” cell or “U2” batteries). 
A battery source safety feature of the Multimeter is a low 
battery voltage detection circuit which turns the instru- 
ment off when battery voltage reaches a low level This pro- 
tects against cell reversal of the NiCad batteries If during 
operation the display disappears or immediately after turn- 
on the display appears and disappears after several seconds, 
low battery voltage is indicated To verify low battery volt- 
age, the procedure described in the preceding paragraph can 
be used or verify by placing the OFF/ON switch to OFF 
and to ON again. The display will appear and again disap- 
pear, Operation from an ac line source and recharging of 
the NiCad batteries is required in a Standard instrument. 
Replacement of “D” cell or “U2” batteries is required in an 
Option 002 instrument. 

3-11 Overload Indication. 

3-12, The Multimeter is capable of displaying up to 100% 
of range (14Q99) for all functions and ranges except the 
1000 V range in ac or dc volts (see ac and dc voltage 
measurement paragraphs). In an overload condition where 
the input exceeds 19999, the last four digits blank and the 
overrange “1" and decimal point will be displayed The 
polarity sign is also displayed m the dc volts and dc current 
functions in the overload condition 

3-13. AC VOLTAGE MEASUREMENTS. 




Maximum input voltage in the ACV FUNC- 
TION is 500 V mis, SOO V peak and 600 Vdc. 

Do not exceed these voltages or damage to the 
instrument will occur. 

3-14. AC VOLTAGE Ranges. 

3-15, The ACV FUNCTION has five ranges from 100 mV 
to 1000 V, Each range (except the 1000 V range) has a 
100%! overrange capability up to 10 kHz decreasing linearly 
to 0%j at 20 kHz. Maximum input voltage on the 1000 V 
range is indicated in the AC VOLTAGE MEASUREMENTS 
caution in Paragraph 3-13 
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Figure 3-1. Front and Rear Panel Features. 
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A KAUTION^ 

/ » \ Ociuuuuuuuula3 

Do not apply a voltage greater than ± 500 V dc or 500 V peak between 
any terminal and chassis ground or damage to the instrument will 



OFF/ON Switch. Pushbutton push on/push off switch. 

FUNCTION Switch. Function markings are located above 
each pushbutton switch, 

~V = DC Volts 



© COM input terminal This terminal is connected to circuit 
ground tor all measurements encept ohms. In the ohms func- 
tion, the COM terminal is disconnected from circuit ground. 



— V = DC Volts (Y) DCA/ACA High input terminal 2 Amp fuse located behind 

~V = AC Volts removable "A” terminal cap 

A = DC Amps AC power input connector 

~A = AC Amps 

n = Ohms Line voltage selection switch. 

Display- Indicates the measured value and polarity of dc ZERO ADJ. Internal adjustment used to aero the display in 

volts or amps ^ the DCV FUNCTION, 10 mV RANGE 

RANGE Switch. Range markings are located above each M2) Battery access door (Standard and Option 001 ). 
pushbutton switch Color bands identify the range switches 

dSaOu.ttL-d with each function switch. nm 



Battery access door (Option 002 only). 



DCV/ACV/OHMS High input terminal, 

A Symbol. This symbol is an international symbol 
meaning "refer to the Operating and Service Manual" This 
symbol will appear In this section of the manual flagging 
operating instruction information. 



Calculator battery charger (Model 82002A) power input 
connector (Option 002 only). 

Battery access door loci (Option 002 only). 



Figure 3-1. Front and Rear Panel Features (cont'd). 



3-16. DC VOLTAGE MEASUREMENTS. 

A 

Do not exceed a maximum input voltage of 
1000 V dc and peak ac on the lOOO V range or 
damage to the instnirnent will occur. There is 
no overrange capability on the lOOO V range. 

3-17. 10 mV Range Zero Adjust 

3-18, When using the Multimeter on the 10 mV range in 
DC volts, short the input terminals and zero the Multimeter 
display with the rear panel ZERO ADJ control (see Figure 
3-1), The display should indicate 0.000 before proceeding 
with measurements. 

3-19. DC Voltage Ranges. 

3-20, DC Voltage measurements can he made from 10 mV 
to 1000 V full-range. Each range has 100% overrange capa- 
bility except the 1000 V range which has a .maximum input 
of 1000 V dc and peak ac (see DC Voltage measurements 
caution in Paragraph 3-16), 

3-21. CURRENT MEASUREMENTS. 




Do not exceed a maximum dc or ac nm input 



current of 2 A or the amps fuse, located direct- 
ly behind the “A" tenninal, will open. See the 
following paragraph for replacement instmc- 
tions 



3-22 The Multimeter is protected from the apphcatron of 
excessive current by a 2 A fuse located directly behind tire 
front panel "A” terminal. If it is necessary to replace this 
fuse, use the side slots on the “A” terminal to rotate the 
terminal. The terminal and fuse will protrude from the 
front panel Remove the temiinal and fuse, replace fuse 
with a 2 A rated fuse as listed in Table 6-3 Miscellaneous 
Parts General, and designated El 

3-23. AC Current Ranges. 

3-24, AC current measurements can be made over a fre- 
quency of 40 Hz to 20 kHz, There are five current ranges 
from 100 pk to 1000 mA with 100% overrange up to 
10 kHz decreasing linearly to 0% at 20 kHz (See current 
measurements Caution in Paragraph 3-21 | 

3-25. DC Current Ranges. 

3-2b, DC Current measurements can be made on five cur- 
rent ranges from 100 pk to 1000 mA. Each range has a 
100% overrange capability (see current measurements 
caution in Paragraph 3-21 ). 
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3-27. OHMS MEASUREMENTS. 




Do not apply voltage greater than ± 350 Vdc -r 
Peak AC bePveen the ohms and common input 
terminals in the ohms function or damage to 
the instrument will occur 

3-28. Ohmmeter Ranges. 

3-2^. Resistance measurements can be made on sl\ ranges 
from 100 ohms to 10 megohms each with a 100% over- 
range capability. Both input terminals (O and COM) are 
floating with respect to circuit ground. 



3-30. Ohmmeter Reference Current 

3-31. The ohmmeter reference current through the un- 
known resistance for each range is shown in Table 3-1. 

Table 3-1. Ohmmeter Current Through Unknown. 



Range 


Current 

Throughi Unknown 


100 n 


1 mA 


1 KI2 


1 mA 


10 KO 


10 mA 


100 Kn 


10 /uA 


1000 Kn 


1 mA 


10 Mn 


0,1 mA 



Maximum open-circuit voltage at the ohms input terminals 
IS less than 5 V. 
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4-1. INTRODUCTION. 

4-2. This section contains the theory of operation for the 
Multimeter. The information is divided into two parts; 

1 . Simplified Theory 

2. Detailed Theory 

The simplified theory provides an overview of the operation 
of each section in the Multimeter while the detailed theory 
describes the circuit operation of each section. 

4-3. Description. 

4-4. The Multimeter is a five-function, 4-1/2 digit multi- 
meter with 100% overrange capability on all ranges except 
the 1000 V range. The five functions measured are dc volts. 



ac volts, dc current, ac current and ohms The dual-slope 
integration technique is used for measurements. This 
technique charges an integrator for a fixed length of time, 
to a voltage proportional to the input signal, then dis- 
charges the integrator at a fixed rate determined by a 
known reference voltage. The measurement display is 
determined by the discharge time of the integrator, which is 
proportional to the input signal, 



4-5. Figure 4-1, Basic Block Diagram and Measurement 
Sequence, illustrates the major functional blocks of the 
Multimeter The illustration of the measurement sequence 
shows the integrator output for each interval of a measure- 
ment cycle This diagram is to supplement the functional 
block diagram for the simplified theory discussion. 




MEASUREMENT SEQUENCE INTERVALS 

Figure 4-1. Basic Block Diagram and Measurement Sequence. 
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4-6. SIMPLIFIED THEORY. 

4-7. A simplified theory of operation of the Multimeter is 
presented in the following paragraphs. The simphfied 
theory describes each section of the functional block 
diagram, Figure 7-1 These sections are the signal condi- 
tiomng section, analog-to— digital section, logic section and 
the display section. Also presented is a simphfied descrip- 
tion of the power supply, Refer to Figure 7-1, Functional 
Block Diagram, and Figure 4-1, Basic Block Diagram and 
Measurement Sequence, for this discussion. 

4-8. Signal Conditioning. 

4-9. Signal conditioning consists of attenuating and/or 
converting the input signal to a dc voltage within the 
working limits of the input amplifier. For full-scale inputs, 
this voltage can vary from 10 mV dc to 1 V dc depending 
on the function and range. 

4-10. The signal conditioning section consists of current 
shunts, an input attenuator, ohms converter and an 
ac— to— dc converter. The output from the signal condi- 
tioning section is applied to the input amplifier during the 
run-up interval of the measurement sequence. The Input 
Amplifier Gain Table located on Figure 7-3 indicates the 
full-scale input level apphed to the input amplifier for each 
function and range. This signal is the output of the signal 
conditioning section. 

4-11. Ohms Converter. The ohms converter is a high gain 
integrating amplifier. A simphfied diagram of the ohms 
converter is presented in Figure 4-2. The blocks of the 
ohms converter are the integrating amplifier, protection 
diodes, over-voltage protection circuit and the overload 
loop- An integrating amplifier is used because this type of 
amplifier is less susceptible to oscillations. The protection 
diodes clamp the HI terminal to a voltage of about + 1,2 V 
in the positive direction or - .7 V m the negative direction. 



With the HI terminal clamped, protection against excessive 
voltages applied to the ohms terrmnals is provided by an 
over-voltage protection circuit located between the ohms 



amplifier and the LOW terminal. For excessive voltages, this 
circuit isolates the LOW terminal from the ohms amphfier. 



4-12, Figure 4-2 shows two outputs of the ohms converter 
being apphed to the input amphfier. The ohms output is 
the ohms converter measurement signal and the auto-zero 
output IS the ohms amphfier dc offset signal which is called 
the auto-zero (AZ) signal This AZ signal is apphed to the 
input amplifier during the auto-zero interval of the mea- 
surement sequence and establishes the reference for the 
analog— to— digital converter An AZ signal greater than 
± 1 mV causes the instrument readings to be mvahd. This 
condition ( AZ signal > ± 1 mV ) is present when the 
unknown resistance. R^, is removed and an open loop is 
present on the ohms amphfier. To maintain the AZ signal at 
< ± 1 mV when an open loop is present, an overload 
feedback circuit is used. 



4-13, The ohms output, (LO terminal of the ohms con- 
verter) is applied to the input amphfier. This output is a dc 
voltage, the level of which is dependent on the ratio of the 
unknown resistance, R^, to the variable resistance, 10^, and 
the ohms reference supply The variable resistance, 10", is a 
resistor string located in the precision resistor pack R75. 
The value of 10" is selected by the range switches shorting 
those resistors in the string that are not required. The value 
of 10" can range from 10 kfl to 10 M52. A discussion of the 
precision resistor pack R75 can be found in the detailed 
theory. 



4-14. The formula for the ohms converter output voltage 
is' 



Ohms _ 

Output jqH 



Reference Supply Voltage + Vpffset 




Figure 4-2. Simplified Diagram, Ohms Converter. 
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The reference supply is + 1 0 V for all ranges except the 
10 M range. For this range the reference supply is + 1 V. 
The full-scale output of the ohms converter is 1 V dc. On 
the 10 M range with a of 10 MQ (full-scale), an output 
of IV dc is needed. From the formula for the ohms 
output, it can be seen that 10'^ would have to equal 
100 Mf2 Since the range of lO” is 10 kf2 to 10 Mf2, a 10" 
of 10Mf2 combmed with a reference supply of 1 V 
provides the desired 1 V dc full-scale ohms converter 
output. 

4-15. AC— DC Converter. The ac-dc converter is an average 
responding ac converter, It measures the average value of a 
sine wave and multiplies this by a fixed scale factor to 
convert it to an rms value. The output of the converter is a 
dc voltage equal to the rms value of the sine wave. 

4-16. Figure 4-3 is a block diagram of the ac -dc converter. 
The blocks consist of an impedance converter, an ac 
converter and a filter. The impedance converter has a high 
input impedance to prevent loading of the input signal. It 
also provides the gain necessary to drive the ac converter. 
An impedance converter gain of unity, 9.964 or 10 is 
selected by the function and range switching. The gam of 
9.964 is used with the ACI function and the gam of 10 is 
used with the 100 mV, .1mA, 100 and 10 V, 10 mA, 
10 kf2 ranges. 

4-17. The ac converter amplifies the signal from the 
impedance converter by the scale factor This converts the 
average value of the sine wave to the rms value Half-wave 
rectification of the sine wave is also performed by the ac 
converter. This rectified signal is filtered to provide the 
proportional dc output which is applied to the analog— to— 
digital converter. 

4-18. Analog-to-Digital (A-D) Converter. 

4-19. The A-D converter block is comprised of an input 
amplifier, reference supply, integrator, slope amplifier, 
comparator and auto-zero circuit. It makes an analog— to— 
digital conversion using the dual-slope integrating tech- 
nique. Four control state signals from the logic section (10, 
IZ, II and 12) regulate the measurement sequence 10 and 
IZ regulate the input amplifier and auto-zero switching 
respectively whde II and 12 select the reference supply 
required during the run-down interval. 



4-20. Input Amplifier. The first stage of the A— D con- 
verter is the input amplifier. During the run-up interval of 
the measurement sequence, control state signal 10 switches 
the output of the signal conditioning block to the input 
amplifier. The output of the signal conditiomng block is a 
dc voltage which vanes between 1 0 mV and 1 V for 
full-scale inputs, depending on the function and range 
selected. The gam of the input amplifier is adjusted by the 
function and range switching to provide an output of 1 V 
dc for any full-scale input signal. See Input Amplifier Gain 
Table on Figure 7-3 , 

4-21. Reference Supply. The A-D converter uses a mono- 
polar reference supply of + 10 V. A reference voltage is 
applied to the integrator during the run-down interval to 
discharge the integrating capacitor. Since the discharge rate 
is constant, the time required for the integrator to reach a 
zero reference is proportional to the input signal This time 
period is the run-down interval and is processed to 
determine the display. A positive and negative reference 
voltage is requrred since the input signal can be either 
polarity A detailed discussion of the operation of the 
monopolar reference supplv can be found in the detailed 
theory, 

4-22. Integrator. The integrator output is a result of a 
current summatron at the integrator summing junction 
(inverting input). A positive current summation (current 
flowing into the integrator input) will cause the integrator 
to ramp negatrve. A negatrve current summatron (current 
flowing out of the integrator input ) will cause the integra- 
tor to ramp positrve. The integrator sums currents from the 
rnput amplifier, reference supply, - 7V supply and the 
auto-zero loop. 

4-23. Slope Amplifier. Following the integrator is a X4000 
amplifier. This amplifier is divided into two stages; the first 
with a gain of 40 and the second with a gain of 100. The 
slope amplifier amplifies the rntegrator output to provide a 
more vertical crossing of this output with the reference 
level. This provides greater accuracy of the voltage— to— 
time conversion during the run-down interval. 

4-24. Comparator. The comparator provides two logic 
outputs; a high output of 0 V or a low output of - 7 V. The 
comparator output is high when the integrator output is 
greater than the reference level. The comparator is low 
when the integrator output is less than the reference level. 




Figure 4-3. Block Diagram, AC— to-DC Converter. 
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This logic level is sensed by the logic section to determine 
polarity and zero-detect. 

4-25. Auto-Zero Circuit. During the measurement se- 
quence, the auto-zero loop is closed except for the run-up 
and run-down intervals. This loop includes the slope 
amplifier and the integrator but does not physically include 
the input amplifier although the loop does compensate for 
the input amplifier offset. When the auto-zero loop is 
closed, the input of the input amplifier is grounded. If the 
summation of currents at the integrator summing junction 
is not zero, the integrator begins to ramp up for a negative 
summation or ramp down for a positive summation. The 
integrator output is applied through the X4000 slope 
amplifier to the auto-zero capacitor, C4. The voltage on the 
auto-zero capacitor causes a current to flow at the summing 
junction that returns the summation to zero This auto-zero 
configuration compensates for the analog offset of the 
input amplifier and integrator by providing a current at the 
summing junction that cancels the currents resulting from 
the offset. 

4-26. Logic Section. 

4-27. The Logic Section is comprised of combinational and 
state logic. This section processes the comparator output to 
determine the polarity of the input signal and to make a 
voltage— to— time conversion of the input signal. Time 
accumulated during the conversion is proportional to the 
input signal and is stored The display is derived from this 
accumulated time. A voltage— to— time conversion with the 
accumulated time being stored occurs once each measure- 
ment sequence. 

4-28. Seven blocks make up the logic section. These blocks 
are. 

1. Clock 

2 State Clock 

3 Polarity and Zero Detect 

4, Data Transfer and Reset 

5. Control State Counter 

0 . Control State Decode 

7. Data Accumulator 

The HIGH and LOW logic levels used in the logic section 
are 0 V and - 7 V respectively The followmg discussion 
describes the basic operation of the logic section. 

4-29. Clock and State Clock. The timing of the logic 
section is derived from the clock circuit. The clock operates 
at 100 kHz and is crystal-controlled. A state clock, driven 
by the clock output and the count extend line from the 
data accumulator, drives the control state counter to 
imtiate each measurement interval. 

4-30. Polarity and Zero Detect. The polarity and zero- 
detect circuit monitors the comparator output The state of 
this output at the beginmng of the run-down interval 
determines the polarity of the input signal. Zero-detect is 
determined at the point the comparator output changes 
states during the run-down, overrange or overflow intervals. 



If the integrator ramps positive (negative input signal) 
during run-up, the comparator output goes HIGH and 
returns to LOW at the zero-detect point. If the integrator 
ramps negative (positive input signal) during run-up, the 
comparator output goes low and returns to high at the 
zero-detect point. These comparator output logic states are 
stored in a D flip-flop. At the beginning of the run-down 
interval, this state identifies the polarity of the input signal 
The outputs of the D flip— flop provide the signals needed 
to select the correct polarity display and the correct 
reference supply signal (II, 12) during the run-down 
interval. An EXCLUSIVE OR and latch processes the 
comparator output to provide the zero-detect signal. 

4-31. Data Transfer and Reset. The data transfer and reset 
circuits provide logic signals to the data accumulator 
required to load the storage latches and reset the decade 
counters. A detailed description of the data accumul ator is 
provided in the detailed theory section. While the TXFR 
input of the data accumulator is low, data in the decade 
counter s is transferred to the static storage latches. The 
RESET input resets the decade counters to zero when low. 
This must occur after the transfer to the storage latches has 
taken place. To ensure that reset occurs after termination 
of transfer, an RC delay circuit precedes the reset gates. 

4-32. Control State Counter. The control state counter 
provides the timing for the measurement sequence intervals. 
The output from the counter estabhshes the timing of the 
analog control signals (IZ, 10, II and 12) which are applied 
to the A— D converter. The state clock and reset inputs to 
the control state counter determine the outputs of the 
counter. 

4-33. Control State Decode. The control state decode 
converts the polarity, zero-detect and control state counter 
inputs to the correct analog control signals These signals, 
applied to the A— D converter, perform the measurement 
sequence switching. This switching consists of the input 
amplifier switch, the auto-zero switch and the reference 
supply switches. 

4-34. Data Accumulator. The data accumulator consists of 
a counter, data latches, a multiplexer, digit select decoder 
and output buffers. At the beginning of the Run-Down 
interval of the measurement sequence, the data accumula- 
tor begins to count clock pulses until zero-detect occurs 
This count IS proportional to the input signal and is the 
lime conversion used to generate the display. The digit 
select decoder scans the display digits from the most 
significant digit to the least significant digit while the 
multiplexer provides the corresponding BCD outputs for 
each digit. A detailed discussion of the data accumulator is 
presented in the detailed theory. 

4-35. Display. 

4-36 The multimeter display contains four full digits with 
an overrange “r’, polarity sign and sample rate indicators. 
All segments and indicators are light-emitting diodes. A 
BCD-to— seven— segment decoder receives BCD informa- 
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tion from the data accumulator and applies the seven- 
segment code to the display drivers. The display drivers 
apply the seven-segment code to all digits simultaneously. 
Digit strobe lines activate the digit corresponding to the 
seven-segment code at that point in time Scanmng of the 
digits is from the most significant to the least significant 
digit. To complete the display, the proper decimal point is 
enabled by range switching. 

4-37. Power Supply. 

4-38. Figure 44 is a block diagram of the power supply. 
The power supply develops four output voltages from a 
single dc input voltage (+VB), This dc input voltage is 
apphed to a dc— to— dc converter which develops output 
voltages of +11 V dc and -7V dc. A series regulated 
+ 1 0 V output is developed from the + 1 1 V converter 
output This + 10 V IS used as the reference voltage in the 
A— D converter and to develop the reference current in the 
ohms converter and as the reference voltage for the 
converter regulator. The converter regulator controls the 
converter and regulates the - 7 V and + 1 1 V outputs of the 
converter. The fourth voltage ( - 12 V) is derived from the 
- 7 V converter output with a voltage doubler circuit driven 
by the 100 kHh clock. A discussion of the operation and 
regulation process of the dc-to-dc converter is presented 
in the detailed theory 




Figure 4-4. Block Diagram, Power Supply. 



4-39. DETAILED THEORY. 

440, This portion of the theory of operation provides a 
detailed discussion of the circuits in the Multimeter. The 
circuits described here are the ohms converter, ac— dc 
converter, monopolar reference supply, data accumulator 
of the logic section, display and the power supply A 
discussion of the precision resistor pack (R75) is also 
provided. The detailed discussion makes use of the schema- 
tics in Section VII, 

4-41. Precision Resistor Pack (R75). 

442. The precision resistor pack, R75, is a laser trimmed 
substrate providing high precision resistances, A diagram of 
R75 is shown on Figure 7-2. The input attenuator, power 
supply, ohms reference supply, A-D reference supply and 
the input amplifier require highly accurate resistances to 



maintain the accuracy of the Multimeter, These resistances 
are part of the resistor pack. The advantage to the resistor 
pack IS high precision resistors and good temperature 
tracking. As resistance values of the resistor pack change 
due to temperature changes, the ratio of the resistors 
remains the same. 

4-43. Dhms Converter. 

444 Refer to Figure 7-2 for this discussion Both ends of 
the ohms converter are floating with respect to the 
instrument ground. The unknown resistor. R^, becomes the 
feedback loop of the ohms amplifier. The ratio of Ry to 
10" determines the gain of the ohms amplifier, Q25 and 
U15. 10" is a variable resistance between 10 kf2 and 10 Mf2 
selected by the range switching. The ohms converter input 
IS the reference voltage provided by the ohms reference 
supply. This reference voltage times the amplifier gain is the 
ohms converter output supphed to the input amplifier 
during the run-up interval. Full-scale ohms converter gain 
and output values are provided in the ohms converter table 
located on Figure 7-2. 

445. The HI terminal of the ohms converter is connected 
to the reference supply through 10" of the resistor pack 
R75. The HI terminal is clamped by protection diodes 
CRI5 and CR25 to prevent the destruction of FET Q25 
and R75 by the application of large voltages. These diodes 
clamp the HI terminal to about + 1 .2 V positive or - 0.7 V 
negative. 

446. With the HI terminal clamped, over-voltage protec- 
tion must be provided to protect the ohms amplifier from 
excess voltage. The over-voltage protection circuit is located 
between the ohms amplifier and the LO terminal and is 
shown in Figure 4-5 During normal operation < 2 mA of 
current flows through Q30, R94 and Q32 If a large voltage 
is applied to the ohms terminals, the current through this 
circuit will try to exceed 2 mA. This current will cause a 
large enough voltage drop across R94 to turn on Q31. When 
Q31 is on, it removes the base drive from Q30, which turns 
off, disconnecting the LO terminal from the ohms con- 
verter. Since Q30 is a high voltage transistor, large voltages 
are not apphed to the ohms converter. 
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447. In the event of open loop (R^ = °°), the ohms 
amplifier output begins to drive negative. The input 
(negative port), which is the auto-zero output, could exceed 
± 1 mV under an open loop condition due to the lack of 
negative feedback through an This auto-zero output 
must be maintained at < ± 1 mV for accurate operation of 
the A-D converter- To satisfy this requirement, an over- 
load protection circuit consistmg of CR23, CR24 and R86 
IS used. When the ohms amplifier output goes below 
approximately + 1.5 V, the zener diode (CR23) turns off. 
Ihe overload loop, CR24 and R86, is introduced by the 
turn-on of CR24 when CR23 is off. This loop provides the 
negative feedback required to maintain an auto-zero output 
< ± 1 mV. When an R^ is introduced, CR23 turns-on, 
CR24 turns-off, and the overload loop is inoperative. 

448. A maximum output by the ohms converter of < 5 V 
IS guaranteed by a voltage divider composed of R43 and 
R95. Additional protection components of the ohms 
converter are, A) CR29 which prevents Q32 junction 
breakdown due to fast transients, B) CR28 which blocks 
negative transients that could come in via the LO terminal 
and C) R91 and C27 which prevent high voltage and high 
frequency transients. 

449. Degradation of accuracy in the ohms function due to 
changes in the ohms reference with respect to the A-D 
reference is minimized since both reference voltages are 
derived from the same +10V reference supply If the 
reference supply voltage changes, both the ohms reference 
and the A— D reference are affected alike and any change is 
effectively cancelled, 

4-50. AC-to-DC Converter. 

4-51, The AC— to— DC converter is an average responding 
ac converter. It has a bandwidth of 40 Hz to 20 kHz, The 
converter is composed of two stages (see Figure 7-2). The 
first stage, U19, is an impedance converter, The purpose of 
this amplifier is to provide a high impedance to the input so 
loading of the input signal does not occur. It also provides 
high drive capability for the ac converter stage, U18 The 
input of the impedance converter is protected against large 
voltage swings by diodes CR35 and CR37 Voltages in 
excess of + 10 V or - 7 V peak ac will turn these diodes, 
returning excess current to the power supply , 

4-52. The impedance converter, U19, has a selection of 
three gains; the 100 mV, ,1 mA, 100 and 10 V, 10 mA, 
10 kH ranges select a gain of 10, The .ACI function selects a 
gain of 9.964, while the remainder of the ranges and 
functions select a gain of unity (see U19 Gam Table, Figure 
7-2) 

4-53 The second stage of the AC-to-DC converter is the 
ac converter, Ul8 A basic diagram of this stage is shown in 
Figure 4-6 The amplifier has three feedback loops These 
loops are the ac negative feedback loop, the dc negative 
feedback loop, and the positive feedback loop. The ac 
negative feedback loop is divided into two branches, one 
branch for the positive cycle and the second branch for the 
negative cycle, Diodes CR33 and CR34 switch between the 




Figure 4-6. Basic Diagram, AC Converter Amplifier. 



positive and negative half-cycles to introduce the correct 
loop for Its respectrve half-cycle 

4-54. During switching of the diodes, little negative feed- 
back is present, Durrng the switching transition, the positive 
feedback loop (C45, R120 and R123) boosts the amplifier 
gam. This boost in gam speeds the switching transition of 
the diodes which gives a good frequency response at low 
srgnal levels. Once the switching transition has occurred, 
negative feedback is again present. The negative feedback 
overrides the effects of the positive feedback loop at all 
times other than the diode switching transition period. 

4-55. The output of the AC— to— DC converter is derived 
from the positive half-cycle, negative feedback loop. The 
positive half-cycle developed across the load resistor R118 
is the lialf-wave rectified signal of the ac converter amplifier 
output, This rectified signal is filtered to provide the dc 
output that is applied to the input amplifier during the 
run-up interval of the measurement sequence For full-scale 
inputs the AC— to— DC converter output is 0 S V dc This 
output is kept relatively free of the dc offset present on the 
negative port of U18 (pm 2) by the voltage divider R125 
and Rll8. The portion of the offset appearing across the 
load resistor R1 18 is attenuated by a factor of 23. 

4-56. A-D Conversion Using a Monopolar Reference. 

4-57. Before preceeding with this discussion, review the 
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A— D converter description of the integrator, slope ampli- 
fier and auto-zero circuit in the simplified theory. Figure 
4-7, Functional Diagram, A— D Converter, illustrates these 
circuits m relation to the monopolar reference supply, the 



input amplifier and the comparator. It also illustrates the 
integrator output and the four control state signals, IZ, 10, 
II and 12, with respect to the measurement sequence 
intervals. 



MONOPOLAR 
REF SUPPLY 
+ IOV 





>r . POSITIVE 
INPUTS 



0N= OV 
OFFS -7V 



ON- 

OFf 

ON 

OFF- 
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OFF 

ON 

OFF - 



MEASUREMENT 
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INPUT 

SIGNAL 

POLARITY 


STATE OF 
CURRENT SWITCH 


11 


12 


AUTO-ZERO 


+ 


CLOSED 


OPEN 




- 


CLOSED 


OPEN 


RUN-UP 


+ 


CLOSED 


OPEN 




- 


CLOSED 


OPEN 


RUN-DOWN 


+ 


OPEN 


OPEN 




- 


CLOSED 


CLOSED 
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Figure 4-7. Functional Diagram, A— D Converter. 
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4-58. The A— D converter of Figure 4-7 is shown in the 
auto-zero mode, The input amplifier is grounded at the 
input, control state switch II is closed, 12 is open and the 
auto-zero loop is closed. Note that the auto-zero loop does 
not include the input amplifier but is connected to the 
integrator summing junction (integrator inverting input). 
Also connected to the summing junction are the input 
amplifier output, two current paths from the monopolar 
reference supply and the - 7 V supply through R54 and 
R43. 

4-59. The auto-zero loop uses a current balancing tech- 
nique at the integrator summing junction to establish the 
reference. The basic principle is that the algebraic sum of 
currents at the integrator summing junction must be equal 
to zero. When the sum is zero, the output of the integrator 
will not change. If the sum is not zero, the integrator will 
ramp up for a negative current or ramp down for a positive 
current because of the inverting input. 

4-60 When the auto-zero loop is closed, the currents 
summed at the integrator summing junction come from 
four sources; 1 ) the output of the input amplifier with its 
input grounded, 2) one current path of the monopolar 
reference supply (switch II closed), 3) the - 7V supply 
through R43 and R59 and 4) the auto-zero loop. The input 
amplifier output is the analog offset of this amplifier. The 
current due to the - 7 V supply is roughly the negative of 
the current from the monopolar reference supply. The 
auto-zero loop then stores a voltage on the auto-zero 
capacitor that produces a current through R28 and R42 of 
the correct magnitude to force the summation of currents 
at the integrator summing junction to zero. Forcing the 
summation of currents to zero compensates for the analog 
offset of the input amplifier and integrator 

4-61. During the run-up interval, the auto-zero loop is 
opened by control state switch IZ, The voltage stored on 
the auto-zero capacitor is still applied to the integrator 
summing junction and the summation of currents remains 
zero. At the time the auto-zero loop is opened, the output 
of the signal conditioning section is switched to the input 
amplifier by control state signal 10 The output of the 
input amplifier causes the algebraic summation of currents 
at the integrator summing junction to deviate from zero 
This causes the integrator to run-up 

4-62. At the end of the run-up interval, the input amplifier 
IS switched back to ground by control state signal 10, The 
summation of currents at the integrator summing junction 
IS again zero and if no other action were taken, the 
integrator output would not change. The integrator output 
is positive at the end of run-up for negative inputs and 
negative for positive inputs. At the end of the run-up 
interval, the polarity of the integrator output is determined 
by the logic section. This also identifies the polarity of the 
input signal 

4-63- At the beginning of the run-down interval, the logic 
section selects the appropriate reference to return the 



integrator output to zero, Run-down uses the summation of 
currents principle at the summing junction of the integra- 
tor. The two current paths (II and 12) of the monopolar 
reference supply provide the means of changing the 
summation of the currents. The summation of currents at 
the summing junction can be made negative by opening 
switch II and removing this current flow to the junction. 
The summation can be made positive by closing switch 12 
m addition to 11, and providing twice the current from the 
monopolar reference supply Opening switch II with 12 
open, runs the integrator up which is required for positive 
inputs (see Figure 4-7). Closing II and 12 runs the 
integrator down which is required for negative inputs- The 
time required for the integrator to reach zero-deiect during 
the run-down interval is proportional to the input voltage 
which caused run-up and determines the display. 

4-64. Data Accumulator. 

4-65 Refer to Figure 4-8, Data Accumulator Diagram, for 
this discussion The data accumulator processes the logic 
signals from the logic section and provides the BCD output 
and the scan signals that deterrmne the dsiplay. The data 
accumulator consists of a counter, data latches, a multi- 
plexer, digit select decoder and output buffers - At the 
beginning of the measurement, the reset signal (RESET) 
goes to a logic 0 to initialize the counter and digit select 
decoder. At the beginning of the run-down interval of the 
measurement sequence, the counter begins to accumulate a 
count proportional to the run-down time. 

4-66. The counter consists of four divide by 10 circuits. 
The output of each circuit is a BCD number representing 
one digit of the input sign al. At th e end of the run-down 
interval, the transfer signal (TXFR) is set to a logic 0. This 
stores the counter outputs in the data latches. 

4-67 The scan signal will gate each BCD signal from the 
latches, beginning with the most significant digit first, 
through the multiplexer to the output. At the same time 
that the scan gates the digits through the multiplexer, the 
gating signal is output to the display as a digit activation 
pulse. 

4-68. The BCD output of the multi plexe r is applied to the 
display section (see Figure 74). The BCD is ap plied to quad 
NAND gates in the display section where the BCD logic is 
converted to BCD logic. The BCD is applied to the seven 
segment decoder where it is transformed to a seven bit 
binary number and applied to each numeral in the display. 
As the digit activation pulse from the data accumulator 
sequentially activates each numeral from most significant to 
least significant, the seven bit binary data will be displayed. 



4-69. Display. 

4-70. Refer to Figure 74 for this discussion. The display 
segments are powered by a + 3 V supply . This voltage is 
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Figure 4-8. Data Accumulator. 



derived from VB and the +11V output of the power 
supply. A series voltage regulator, Q21, Q22 and Q23 
maintains the + 3 V output constant. This provides con- 
stant display intensity for changes m the magnitude of VB 
due to battery life and results in low power consumption 



for a high VB (new or recharged batteries). 

4-71. Twenty-five connections interface the display and 
the main assembly. Table 4-1 indicates each terminal and 
the source of the signal from the main assembly 



Table 4-1. Display Interface Connections. 



CONNECTION DESIGNATION 


SOURCE OF SIGNAL 


DIGIT STROBES MSD. 2MSD, 3MSD, LSD 
BCD; 1,2, 4, 8 


DATA ACCUMULATOR 
IA1U11) 


DECIMAL POINT; A, B, C, D 


RANGE SWITCHES 




FUNCTION SWITCHES 


POLARITY ENABLE. PE 


POLARITY PL 
SAMPLE RATE; SR 


A1U4 


LOGIC 

SECTION 


OVERRANGE OR 
OVERLOAD; OL 


A1U5 




A1U6 


TRANSFER' TR 


+ VB, + 11 V, GND, -7 V, -7 Vpand -12 V, 


POWER SUPPLY 


PIN 25 


NO CONNECTION 
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Figure 4-9. Basic Diagram, DC— to— DC Converter. 



4-72. Power Supply. 

4-73 This paragraph is a description of a simple dc -to-dc 
converter. Figure 4-9 is a diagram of this converter. When 
switch S IS closed (top ), battery voltage VB is applied to the 
inductor L. Since the battery voltage is constant, the 
inductor Current increases linearly with time. The inductor 
current establishes a magnetic field which stores energy 
transferred from the battery. During ton. C supplies current 
to the load, Ri_, When switch S is opened (toff), the voltage 
across the inductor inverts and forward biases diode CR. 
For a constant Vq, the inductor current decreases linearly 
with time and transfers energy to the capacitor and load 
resistor, C and Ri_, The energy transferred from the battery 
to the load is controlled by switch S. By controlling switch 
S the output voltage can be made greater than, equal to or 
less than the battery voltage VB and can be regulated for 
changes in the battery voltage (VB) and in the load (Rl). 
For a steady state condition, the duty-cycle of switch S is 

ton |Vol ton “ time switch S closed. 

X ~|Vq|-(- VB ^ “ period of one cycle. 

The duty-cycle depends only on the output voltage (Vq) 
and the battery voltage (VB). 



4-74. A simplified diagram of the dc -to-dc converter is 
shown in Figure 4-10. Refer to this diagram and the 
converter of Figure 7-5 for this discussion. A negative 
output IS derived from a portion of the energy stored in the 
primary winding inductance or magnetizing inductance of 
T1 while the switch, Q33 is on This output is obtained by 
the same process described previously for the simple 
switch-type dc— to— dc converter. A positive output is 
developed by transformer-coupling a portion of the energy 
stored in the primary winding inductance through the 
secondary winding of T1 , This output is equal to the 
turns-ratio times the voltage developed by the primary of 
T1 across C34 when switch Q33 is off. 



4-75. The following paragraphs describe the circuit opera- 
tion of the dc— to— dc converter. When the battery voltage 
VB is applied to the circuit, Q33 saturates. A constant 
voltage is applied across the primary of Tl. The collector 
current determined by the constant battery voltage (VB) 
and the primary winding inductance, increases linearly with 
time until Q33 comes out of saturation (hp^I) As this 
occurs, the collector of Q33 begins a negative transition. 
This transition at pm 1 of transformer Tl causes pin 3 of 
Tl to begin a positive transition. The positive transition is 
applied to the base of Q33 by the feedback circuit R81 and 
C25 and turns Q33 off. As Q33 turns off, the voltage across 





Figure 4-10. Simplified Diagram, DC— to— DC Converter. 
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the primary and secondary windings of T1 inverts and 
forward biases CR18 and CR32. The energy stored in the 
primary winding inductance of T1 is transferred to the 
output capacitors, C24 and C34, and their loads. 

4-76 The cycle ends as Q33 turns on. This results when 
either the voltage at the base of Q33 decreases to the point 
that Q33 begins to turn on or the energy stored in 
transformer T1 goes to zero. Both events cause the 
collector of Q33 to begin a positive transition: Pm 3 of 
transformer T1 begins a negative transition at the same time 
and is applied to the base of Q33 through the feedback 
circuit of R81 and C25. This action causes Q33 to saturate 
and the cycle begins again. 

4-77. Converter Regulation. Regulation of the dc-to-dc 
converter is accomplished by controUmg the energy transfer 
to the load. The energy transfer to the load is controlled by 
the switch. Q33 and the current source I, The magnitude of 
I is determined by Q34. R98 and the voltage at the base of 
Q34. The base of Q34 is driven by U17. The inverting input 
of U17 is connected to ground through R1 16. A 10— to— 7 
voltage divider (R117 and R114) is connected to the 
non-inverting input of U17. One end of the divider (R117) 
senses the constant voltage of the +10V series voltage 
regulator. The other end of the divider (R114) senses the 
- 7 V output of the dc-to-dc converter. A change in 
voltage at the - 7 V output results in an error voltage at the 
non-inverting input of U17 and is amplified by U17 The 
output voltage of U17 drives the base of Q34 and 
regulation of the - 7 V output is achieved. Since the + 1 1 V 
output is the transformer turns-ratio times the - 7 V output, 
this output is also regulated. 

4-78. + 10 V Series Voltage Regulation. 

4-79 The temperature compensated zener diode CR17 is 
the voltage reference from which the + 10 V reference is 
derived The zener voltage is applied to the non-inverting 
input of Ul6. A resistor divider m the precision resistor 



pack (R75) senses the voltage at the output. A portion of 
the voltage is fed to the inverting input of U16. Thus error 
voltage is amphfied by U16 to drive Q26. The collector 
current of Q26 then provides base drive for the series pass 
transistor Q27 To ensure turn-on of the dc— to— dc 
converter, the collector, as opposed to the emitter of the 
series pass transistor Q27, is connected to the output. The 
low collector— to— emitter saturation voltage aids in the 
turn-on process of the converter. This ensures start-up for 
battery voltages as low as 2 to 3 volts, One advantage to 
this configuration is that the + 1 1 V supply can decrease to 
within the collector-to— emitter saturation voltage of the 
+ 10 V regulated output and regulation is still maintained. 

4-80. -12 V Supply. 

4-81 Refer to Figure 7-5 The - 12 V output is developed 
from the - 7 V supply by use of a voltage doubler circuit 
driven by the 100 kHz clock generated in the logic section. 
Transistors Q21 and Q22 prevent loading of the clock. 

4-82. Battery Low-Voltage Detection. 

4-83, Refer to the power supply schematic. Figure 7-5. The 
battery low-voltage detection circuit is comprised of a dif- 
ferential amplifier, Q36 and Q37. The voltage at t.he base of 
Q36 is set at about a- 2 '7 V by the voltage divider R136 and 
R141 If the battery voltage (+VB) is greater than + 2.9 V. 
Q3b conducts and Q37 is off When the battery voltage 
drops below -I- 2,9 V, Q37 turns on providing base drive for 
Q38. When Q38 is on, the base of Q34 is pulled to - 7 V 
and Q34 turns off This action turns the ac-to-dc converter 
of the power supply off removing all power supply outputs. 
This removes the front panel display indication. To rein- 
state the display, the OFF/ON switch must be turned OFF 
and again ON The display indication will reappear while 
capacitor C51 charges to -t 2 9 V When the voltage on C51 
(which IS tire base voltage of Q36) exceeds the battery volt- 
age (-t VBI. the circuit deactivates tlie power supply as pre- 
viously described and the display indication disappears 
again. 
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Table 5-1. Test Equipment Required. 



INSTRUMENT TYPE 


REQUIRED CHARACTERISTICS 


RECOMMENDED MODEL 


Digital Volt/Ohmmeter 


DC Volts 1 V, 10 V and 100 V range 


-hp- 3470 System, 




Accuracy ±0,04% 

Input Resistance 10 Mn 
Ohms, 200 kn 
Accuracy ± 0,07?o 


-hp- 54702A Multimeter 


Digital Voltmeter 


DC Volts 5 digit resolution to 1 jUV on 
100 mV dc range 
Accuracy. ±0,007% 

AC Volts 1 V and 10 V range 
Frequency 40 Hz to 20 kHz 
Accuracy 0 25% 


-hp- 3450B 


AC Calibrator/ High 


Frequency 20 Hz to 1 00 k Hz 


-hp- 745A/746A 


Voltage Amplifier 


Output: 1 mV to 1000 V 
Accuracy (mid band): ±0,1% 




DC Standard 


Output 1 mV to 1000 V 
Accuracy: ± 0,02% 


-hp- 740B 


Meter Calibrator 


Output 1 A 
Accuracy, ±0,1% 


-hp- 6920B 


Electronic Counter 


Frequency 50 and 60 Hz 
Accuracy ±001% 


-hp- 5300A/5302A 


Power Supply 


Output: 20 V, 1 A 


-hp- 6294A 


Resistor Decade Box 


10 sT, 100 Si, 1 ksT. 10 kii. 100 kn 


General Radio 




and 1 MfJ steps 
Accuracy; ± 0 005% 


Mdl GR 1433-Z 


Capacitor 


1 mF ± 10% 


01 60-3407 


Resistors 


1 n ± 0,1 “i, 


0811-0615 




10 si ± 0 1% 


0698-5452 




1 k£7 ± 0,1% 


0698-3491 




2 kSi ± 0 1% 


0698-6612 




10 kn ± 0,1% 


0698-4157 




20 kn ± 0 1% 


0698-6943 




100 kn I 0 1% 


0698-4158 




1 Mn ± 0,1% 


0698-6369 




10 Mn ± 0 1% 


0698-8194 




3on ± 1% 


0757-0388 




100 n ± 1% 


0698-7320 




1 kn ± 1% 


0727-0751 




22 ± 1 % 


0757-1087 




66.5 kn ± 1% 


06984503 




1 Mn ± 1% 


0698-5049 



5-0 





Model 3465A 



Section V 



SECTION V 
MAINTENANCE 



5-1. INTRODUCTION. 

^i-2 This section of the manual contains Performance Tests 
and Adjustment Procedures The Perfoimance Tests are 
designed to verify the critical specifications listed in Table 
1-1, A Performance Test Card is at the end of this section 
for recording the results of the performance tests, 

5-3. Test Equipment Required. 

5-4. Equipment required for the performance tests and 
adjustment procedures is listed in Table 5-1, Recommended 
Test Equipment Equipment that satisfies the critical 
specifications given in the table may be substituted for a 
recommended model 

NOTE 

Throughout the Performance Tests and Adjust- 
ment Procedures, the -hp- Model 3465A is 
referred to as Multimeter. 

5-5. PERFORMANCE TESTS. 

5-6. DC Voltmeter Accuracy Test. 

5-7 A DC Standard is required for this test 

a. Set the Multimeter function to DCV ( V) and 

range to 10 m. Short the VO and COM terminals together 
and adjust the display for 0,000, using the ZERO ADJ on 
the rear panel. 

b. Disconnect the short and connect the DC Standard 
between the Vf2 and COM terminals 



ECAUTION^ 

C^uuuuuuuuuuO 

Do not apply more than 1000 T', otherwise 
damage to the instrument may result. 



Table 5-2. DC Voltmeter Accuracy Test. 



DC Range 


DC Standard 
Output 


Multimeter 
Display Limits 


10 mV 


±0 00100 V 
± 0.00500 V 
± 0 01000 V 


.998 - 1 .002 mV 
4,996 - 5.004 mV 
9 995 - 10.005 mV 


too mV 


± 0.01000 V 
± 0.05000 V 
± 0,10000 V 


9.99-10.01 mV 
49.98 - 50 02 mV 
99.97 - 100,03 mV 


1 


V 


± 0.10000 V 
± 0 50000 V 
± 1 .00000 V 


.0999- 1001 V 
4998 - .5002 V 
.9997 - 1 .0003 V 


10 


V 


± 1 ,00000 V 
± 5.00000 V 
+ 1 0 0000 V 


.999 - 1 .001 V 
4,998 - 5,002 V 
9 997 - 10.003 V 


100 


V 


+ 1 0.0000 V 
± 50,0000 V 
± 1 00.000 V 


9 99- 10.01 V 
49.98 - 50.02 V 
99.97 - 100.03 V 


1000 


V 


± 100.000 V 
+ 500 000 V 
± 1000,00 V 


99.8 - 1002 V 
499 7 - 500 3 V 
999.6 - 1000.4 V 



5-8. DC Ammeter Accuracy Test. 

S-'t. This test requires the use of a power supply, a DC 
Differential V^oltmeter and a precision resistor listed in 
Table 5-3 (part numbers are given in Table 5-1 ) or a resistor 
decade box. 



C- Check all the dc ranges listed in Table 5-2 for the a Connect the Multimeter and test equipment as shown 

tolerances indicated. in Figure 5-1 , 
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Figure 5-1. DC Ammeter Accuracy Test. 



54 








Section V 



PERFORMANCE TESTS 



Model 3465A 



Table 5-3. DC Ammeter Accuracy Test. 



Multimeter 

Range 


Current 

Level 


Ra 


Differential 
VM Beading 


Multimeter 
Display Limits 


too 


10 mA 
50 /uA 
100 *iA 


100 tn ± 0 1% 


1 .0000 V 

5.0000 V 

10.000 V 


9 98 - 10 02 pA 
49.95 -50,05 pA 
99 92 - 100 08 pA 


1 mA 


.1 mA 
5 mA 
1 mA 


1 t,£l ± 0,1% 


,10000 V 
50000 V 
1 .0000 V 


,0998 - 1002 mA 
.4995 — 5005 mA 
.9992 - 1 ,0008 mA 


to mA 


1 mA 
5 mA 
10 mA 


1 kn ± 0.1% 


1 .0000 V 

5.0000 V 

10.000 V 


.998 - 1.002 mA 
4 993 - 5 007 mA 
9.988 - 10.012 mA 


too mA 


10 mA 
50 mA 
100 mA 


10 a 01% 


10000 V 
,5000 V 
1 .0000 V 


9.93 — 10 07 mA 
49.69 - 50.31 mA 
99 39 - 100 61 mA 


1000 mA 


100 mA 
500 mA 
1000 mA 


in 0 1 % 


.10000 V 
,50000 V 
1 .0000 V 


99 3- 100 7 mA 

496.9 - 503.1 mA 

993.9 - 1006.1 mA 



b. Connect the 100 kilohm ±0 1% resistor in the 
position as shown. 

c. Set the Multimeter function to DCA ( A) and 

range to 100 juA, Adjust the power supply output for a 
differential voltmeter reading of 1,000 V. The Multimeter 
should indicate 99.98 to 100.02 /uA, 

d. Check all the Multimeter ranges, using the values of 
R/i, and differential voltmeter readings shown in Table 5-3. 
The Multimeter display should indicate within the limits 
provided. 

5-10. Ohms Accuracy Test. 

5-11. A precision resistive decade box will be required for 
this test. It should be calibrated and have a known accuracy 
of .005%, 

a. Connect the equipment as shown in Figure 5-2. 



DIGITAL MULTIMETER 
hp 3465A 

[ n Ip 

j j j j j j j j j j j j j '?] ^ 



*FUED RESISTORS, iO.I% 

MAT BE SUBSTITUTED, !jt«-B-4zeE 

Figure 5-2. Ohms Accuracy T est. 



Table 5-4. Ohms Accuracy Test. 



Multimeter 


Resistive Decade 


Multimeter 


Range 


Setting 


Display Limits 


100 n 


10 n 


9.98-10.02 n 




50 n 


49,97-50.03 n 




100 £1 


99,96- 100.04 n 


1 kI7 


100 n 


.0999- 1001 kn 




500 n 


4998 - 5002 kn 




1 kn 


,9997 - 1 ,0003 kn 


10 kn 


1 kn 


.999 - 1 ,001 kn 




5 kn 


4.998 -5.002 kn 




10 kn 


9.997-10.003 kn 


100 kn 


10 kn 


9 99-10 01 kn 




50 kn 


49.98 -50.02 kn 




100 kn 


99 97-100 03 kn 


1 000 kn 


100 kn 


99 9 - 1 00 1 kn 




500 kn 


499.8 -500.2 kn 




1000 kn 


999.7 -1000.3 kn 


10 M 


1 Mn 


,998 - 1 .002 Mn 




5 Mn 


4994-5 006 Mn 




10 Mn 


9 989 - 10.011 Mn 



a, Set the Multimeter function to ACV (^V). Connect 
the AC Calibrator between the VfT terminal and COM 
terminal. Be sure to connect the Calibrator sense leads. 

b, Check the voltage ranges listed in Table 5-5 at each 
frequency listed. The Multimeter should indicate within the 
limits provided 




b. Set the Multimeter function to OHMS (f2) and check 
all the ranges in Table 5-4 using the decade box to supply 
the indicated resistances. The Multimeter display should 
indicate within the limits provided. 

5-12. AC Voltage Accuracy Test. 

5-13 An AC Calibrator and High Voltage Amplifier will 
be required for the following tests. 



5-14. AC Ammeter Accuracy Test 

5-15, An AC Calibrator, a 345 OB Digital Voltmeter and 
disciete resistors (Ra) indicated m Table 5-6 are required 
for tins test 

a Set the Multimeter function to ACA A) and range 
to 100 pA. Connect the equipment as shown in Figure 5-3 
using a discrete resistor for Ra- (To select Ra, note the 
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Figure 5-3. AC Ammeter Accuracy Test 100 ;liA thru 10 mA Range. 



Table 5-5. AC Voltage Accuracy Test. 



Multimeter 


AC Standard 


Test 


Multimeter 


Range 


Output 


Frequency 


Display Limits 


100 mV 


10 mV 


40 Hz. 400 Hz 10 kHz 


9.93- 10,07 mV 




50 mV 


40 Hz, 1 kHz, 10 kHz 


49.87 -50,13 mV 




100 mV 


40 Hz, 5 kHz, 10 kHz 


99 80 - 100 20 mV 




10 mV 


11 kHz, 15 kHz, 20 kHz 


9 80- 10 20 mV 




50 mV 


11 kHz, 15 kHz, 20 kHz 


49,60 - 50.40 mV 




100 mV 


11 kHz, 15 kHz, 20 kHz 


99,35 - 100,65 mV 


1 V 


100 mV 


40 Hz, 400 Hz, 10 kHz 


.0993- 1007 V 




500 mV 


40 Hz, 1 kHz, 10 kHz 


4987 - 501 3 V 




1 V 


40 Hz, 5 kHz, 10 kHz 


,9980 - 1 .0020 V 




100 mV 


11 kHz, 15 kHz, 20 kHz 


,0980- 1020 V 




500 mV 


11 kHz, 15 kHz, 20 kHz 


,4960- 5040 V 




1 V 


11 kHz, 15 kHz, 20 kHz 


9960 - 1 0065 V 


10 V 


1 V 


40 Hz, 400 Hz, 10 1* Hz 


993 - 1 007 V 




5 V 


40 Hz, 1 kHz, 10 kHz 


4.987 -5,013 V 




10 V 


40 Hz, 5 kHz, 10 k Hz 


9 980-10 020 V 




1 V 


11 kHz, 15 kHz, 20 kHz 


980- 1 020 V 




5 V 


11 kHz, 15 kHz, 20 kHz 


4,960 - 5,040 V 




10 V 


11 kHz, 15 kHz, 20 kHz 


9,935 - 10,065 V 


100 V 


10 V 


40 Hz. 400 Hz, 10 kHz 


9.99- 10,07 V 




50 V 


40 Hz, 1 kHz. 10 kHz 


49 87 -50 13 V 




100 V 


40 Hz, 5 kHz, 10 kHz 


99.80-100,20 V 




10 V 


11 kHz, 15 kHz, 20 kHz 


9,80- 10 20 V 




50 V 


11 kHz, 15 kHz, 20 kHz 


49 60 - 50 40 V 




100 V 


11 kHz, 15 kHz, 20 kHz 


99 35 - 100.65 V 


1000 V 


100 V 


40 Hz, 400 Hz, 1 kHz 


99.3- 100 7 V 




500 V 


40 Hz. 400 Hz. 1 kHz 


498.7 -501.3 V 




100 V 


1,5 kHz. 2 kHz 


99,0-101.0 V 




500 V 


15 kHz. 2 kHz 


497.0 - 503 0 V 
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value of as directed in Table 5-6 and install the part 
number indicated in Table 5-1 A resistor decade box WILL 
N€>T provide the accuracy required of R/i, because of the 
introduction of wire-wound resistor inductance by the de- 
cade box). 

b. Set the AC Calibrator frequency to the desired test 
frequency indicated in Table 5-6. 

c, Adjust the AC Calibrator amplitude for a 3450B 
Digital Voltmeter display as indicated in Table 5-6 for the 
range and current level being tested, 

d REMOVE the 3450B Digital Voltmeter from the test 
setup- 

e. Verify the Multimeter Display Limits as indicated m 
the last column of Table 5-6. 

f, Reconnect the 3450B Digital Voltmeter as sltown in 
Figure 5-3. 

g Repeat Steps b througlr f for each frequency of each 
range and current level listed m Table 5-6 Change R^ as 
indicated for each current level. 



h, To check the 100 mA and 1 A ranges, it is necessary 
to use an ac current source capable of these current outputs 
such as the 6920B Meter Calibrator Set the 6920B OUT- 
PUT SWITCH to OFF and replace the AC Calibrator with 
the o920B, 

1 , Set the 6920B FUNCTION switch to AC and RANGE 
switch to 100 milhamperes. Adjust the digital potentio- 
meter readout control to provide a 10 mA output. 

j, Set the OUTPUT SWITCH to ON HOLD. Verify Mul- 
timeter Display Limits shown in Table 5-7, 

k Return the 6920B OUTPUT SWITCH to OFF before 
changing ranges Adjust the 6920B for the 100 mA range 
outputs listed m Table 5-7 and verify the Multimeter Dis- 
play Limits, 

1, Cliange Multimeter range to 1000 mA and verify Mul- 
timeter Display Limit for the 100 mA input, 

m With the 6920B OUTPUT switch at OFF, change the 
6o20B range to lA Check the Multmieter Display Limits 
for the 500 mA and 1000 mA inputs indicated in Table 5-7 



Table 5-6. AC Ammeter Accuracy Test, 1O0k<A thru 10 mA Ranges. 



Multimeter 

Range 


3450B 

Digital Voltmeter 
Display Indication 


AC 

Calibrator 

Frequency 


Ra 

Value 


Current 

Level 


Multimeter 
Display Limits 


too mA 




40 Hz and 400 Hz 
1 l< Hz, 5 t Hz, 1 0 kHz 
15 kHz and 20 kHz 


1 00 kf2 ± =1 % 


10 mA 


9,91-10,09 aA 
9,92 - 10.08 mA 
9,79-10,21 mA 




99985 to 1 00015 


40 Hz and 400 Hz 
1 kHz, 5 kHz, 10 kHz 
15 kHz and 20 kHz 


20 kfi ± 1% 


50 pA 


49 75 — 50 25 pA 
49,82 -50,18 mA 
49 55 - 50 75 mA 






40 Hz and 400 Hz 
1 kHz, 5 kHz, 10 kHz 
15 kHz and 20 kHz 


iokn± 1% 


100 aA 


99,65 - 100 45 pA 
99.70 - 100,30 mA 
99 25 - 100,75 mA 


1 mA 




40 Hz and 400 Hz 
1 kHz, 5 kHz, 10 kHz 
15 kHz and 20 kHz 


1 00 kO i 


1 mA 


,0991 -,1009 mA 
.0992 -.1008 mA 
0979 - 1021 mA 




9,9985 to 10 0015 


40 Hz and 400 Hz 
1 kHz, 5 kHz, 10 kHz 
15 kHz and 20 kHz 


20 kS2 ± 1% 


.5 mA 


4975 — 5025 mA 
,4982 - 5018 mA 
4955 - 5045 mA 






40 Hz and 400 Hz 
1 kHz, 5 kHz, 10 kHz 
15 kHz and 20 kHz 


iokn± 1 % 


1 mA 


9955 - 1 0045 mA 
,9970 - 1,0030 mA 
9925 - 1 ,0075 mA 


10 mA 




40 Hz and 400 Hz 
1 kHz, 5 kHz, 10 kHz 
15 kHz and 20 kHz 


10 k n ± 0 = 1% 


1 mA 


,991 - 1,009 mA 
992 - 1 008 mA 
,979- 1,021 mA 




9.9985 to 10,0015 


40 Hz and 400 Hz 
1 kHz, 5 kHz, 10 kHz 
15 kHz and 20 kHz 


2 kiz ± 1% 


5 mA 


4,975 - 5,025 mA 
4 982 -5 018 mA 
4.955 - 5,045 mA 






40 Hz and 400 Hz 
1 kHz, 5 kHz, 10 kHz 
15 kHz and 20 kHz 


1 kn ± 1% 


10 mA 


9 955 - 10 045 mA 
9,970 - 10,030 mA 
9 925 - 10 075 mA 
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Table 5-7. AC Ammeter Accuracy Test, 
100 mA and 1000 mA Ranges. 



Myltirneter 

Range 


Output Meter 
Calibration 


Multimeter 
Display Limits 


too mA 


10 mA 


9,87-10,13 mA 




50 mA 


49 55-50.45 mA 




100 mA 


99,15 - 100,85 mA 


1000 mA 


100 mA 


98,7-101,3 mA 




500 mA 


495,5 -504,5 mA 




1000 mA 


991 5 - 1008 5 mA 



f. Repeat Steps c, d and e for an AC Calibrator output 
frequency of 50 Hz ± 0 1% as monitored by the Electronic 
Counter. 

5-18. AC Effective Cotnmon-Mode Rejection Test 

5-14. An AC Calibrator, an Electronic Counter and a 1 kf2 
± 1% resistor are required for this test, 

a. Connect a 1 kS2 resistor between the VJ2 and COM 
terminals. 

b. Set the Multimeter function to DCV ( ZZTZ V) and 
range to 1 V. Note the Multimeter indication. 

c. Connect the AC Cahbrator to the Multimeter as 
shown in Figure 5-5. 



5-16. AC Normal-Mode Rejection Test 

5-17, AC normal-mode rejection is the ratio of tire peal: 
normal-mode voltage to the resultant error in reading, 

NMR(jj,^= 201ogio Peak ac supemnposed voltage 
Effect on reading (peak volts ) 

An AC Calibrator, an Electromc Counter, a 1 juF capacitor 
(-hp- Part No. 0160-3407) and a 22 kf2 resistor (-hp- Part 
No. 0757-1087) are required for this test. 

a. Connect the test equipment as shown in Figure 5-4. 
Do not connect the Multimeter at this time, 

b. Using the Electronic Counter as a monitor, adjust the 
AC Calibrator frequency to 60 Hz ± 0.1%. 

c. Set the Multimeter function to DCV ( V) and 

range to 10 V. Short the Multimeter input and note the 
indication. 



d. Using the Electronic Counter as a monitor, set the 
AC Calibrator frequency to 60 Hz ± 0.1%) (50 Hz ± 0.1% if 
operating Multimeter from a 50 Hz source). 

e. Adjust the Cahbrator output to 7.07 V rms (10 V 
peak). 

f Note the Multimeter indication The reading should 
not vary more than 00001 V from reading noted in Step b 
verifying an ac common-mode rejection of greater than 
120 dB, 

5-20. DC Voltmeter Input Resistance Test 

5-21, A DC Standard and a 10 Mf2 ± 0.1% resistor (-hp- 
PartNo. 0698-8194) are required for this test. 

a Connect tire Multimeter, DC Standard and resistor as 
shown in Figure 5-6 

b. Set the Multimeter function to DCV ( V) and 
range to 10 V. 



d. Disconnect the short and connect the AC Calibrator 
to the Multimeter input. Adjust the Calibrator output to 
7 07 V rms ( 10 V peak). 

e. The Multimeter indication should not vary more than 
.007 V from the indication noted in Step C. This verifies a 
normal-mode rejection of greater than 60 dB. 



c. Connect a jumper across the 10 Mf2 resistor and 
adjust the DC Standard to provide a Multimeter display of 
+ 10.000. 

d. Remove the jumper from the 10 Mf2 resistor. The 
Multimeter display should indicate 4.950 to 5.027 veri- 
fying an input resistance of 10 Mf2 ±1% on the 10 V 
through 1000 V ranges. 
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e. Change the DC Standard output to 0 V and change 
the Multimeter range to 1 V. 



a Connect the AC Calibrator and a 1 MfZ resistor as 
shown in Figure 5-7, Connect a jumper across the resistDr. 



f. Connect a jumper across the 10 MS2 resistor and 
adjust the DC Standard to provide a Multimeter display of 
+ 1 . 0000 . 

g. Remove the jumper from the 10 Mf2 resistor. The 
Multimeter display should indicate ,9990 or greater veri- 
fying an input resistance of > 10*° on the 10 mV through 
1 V ranges. 

5-22. AC Voltmeter Input Impedance Test 



b Set the Multimeter function to ACV (~ V) and range 
to 1 V. 

c Set the AC Calibrator frequency to 40 Hz and adjust 
the output amplitude for a Multimeter display of 1 .0000. 

d. Remove the jumper from the 1 M12 resistor. The 
Multimeter display should indicate .4950 to .5027 verifying 
an input impedance resistive component of 1 Mf2 ±1%. 

e Maintain the AC Calibrator at 40 Hz and adjust the 
output amplitude for a Multimeter display of 1.0000. 



5-23, An AC Calibrator and a 1 Mfi ± 0,1% resistor (-hp- 
Part No, 0698-6369) are reqired for this test. 



f Change the AC Calibrator frequency to 3183 Hz The 
Multimeter display should indicate .7071 to 1 ,0000 verify- 
ing a shunt capacitance less than 100 pF, 




Figure 5-6. DC Voltmeter Input Resistance Test. 





5-6 






Model 3465 A 



Section V 



ADJUSTMENT PROCEDURES 



5-24 ADJUSTMENT PROCEDURES. 



WARNING 



Adjustment Procedures of Section V are in- 
tended for qualified sennce personnel only To 
reduce the possibility of electrical shock, only 
qualified personnel are to perform maintenance 
duties. 

5-25. The following procedures should he performed only. 



after rt has been determined from Performance Tests that 
the Multimeter does not meet specifications. If any 
adjustment in these procedures cannot be made, refer to 
the troubleshooting procedures of Section VII, Location of 
the Multimeter adjustments is shown in Figure 5-8. 

NOTE 

After use of a soldering iron, flux remover or 
freon on the A1 Assembly, allow 10 to 15 min- 
utes for the instrument to thermally stabalize 
before an adjustment is performed. 
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Figure 5-8. Multimeter Adjustment Location. 
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5-26. Power Supply Adjustment 



Table 5-8. Power Supply Jumpers. 



5-27. Power Supply -h 10 V Reference Voltage Adjustment. 

Coarse adjustment of the -I- 10 V reference voltage is made 
by selecting the proper combination of power supply jump- 
ers designated 1, 2, 4, 8 and lb Coarse adjustment is neces- 
sary whenever the -i- 10 V reference cannot be adjusted with 
A1R84 (-1- 10 V ADJ - fine adjustment) to obtain a display 
of 1.0000 for a 1 V dc input. This can occur after replace- 
ment of A1CR17, A1R75 oi AlUlb or because of the long- 
term drift of the AlCRl 7 zener voltage, 

5-28. Power supply jumpers 1, 2, 4, 8 and lb paiallel 
resistors in A1R75 which are used as a regulator feedback 
network. Removing a jumper decreases the -t 10 V refer- 
ence voltage and results in an increase in tire Multimeter 
display for a given input Qockwise rotation of the -t 10 V 
ADJ, A1R89 (fine adjustment), also results in an increase in 
the Multimeter display for a given input. 

5-29. A DC Standard is required for this adjustment. 

a. Set Multimeter function to DCV ( V) and range 

to 1 V. 

b. Connect A1 R75 pin 22 to ground. 

c. Apply -t 1 V dc from the DC Standard between the 
Vn and COM terminals. 

d. Note and record the Multimeter display. 

e. Refer to Table 5-8, Power Supply Jumpers, Locate 
the line with LO and HI reading limits that bound the 
Multimeter display lecorded and note the jumper combina- 
tion, (If reading is out of range of table, check AlCRl 7 for 
6,95 V' ± 0,25 V'. A1R75 and AlUlb). 

f A “0” means to remove jumper; a “1” means leave 
jumper m place. Introduce the jumper combmation noted 
in Step e. 

g, Remove the connection from R75 pin 22 to ground. 

h. Adjust A1R89 (-t 10 V ADJ) for a Multimeter 
display of 1.0000 ± 2 counts. 



NOTE 

If a display of + 1 0000 cannot be attained with 
A1RS9 after installing the proper jumper com- 
bination, a new jumper combination must be 
selected. If the + 1 0000 display is low, install 
the jumper combination from the line in Table 
5-8 precceding the jumper combination 
installed. If the + 1.0000 display is high, install 
the jumper combination from the line in Table 
5-S succeeding the jumper combination 
installed 



READING 
LO HI 


POWER SUPPLY JUMPER 


16 


8 


4 


2 


1 


NOTE 1 


8961 


0 


0 


0 


0 


0 


.8962 


,8984 


0 


0 


0 


0 


1 


.8985 


9008 


0 


0 


0 


1 


0 


.9009 


9032 


0 


0 


0 


1 


1 


.903 J 


,9057 


0 


0 


1 


0 


0 


.9058 


9082 


0 


0 


1 


0 


1 


.9083 


9108 


0 


0 


1 


1 


0 


.9109 


.9134 


0 


0 


1 


1 


1 


.9135 


,9161 


0 


1 


0 


0 


0 


.9162 


,9189 


0 


1 


0 


0 


1 


.9190 


9217 


0 


1 


0 


1 


0 


.9218 


,9245 


0 


1 


0 


1 


1 


.9246 


.9274 


0 


1 


1 


0 


0 


.9275 


,9304 


0 


1 


1 


0 


1 


.9305 


,9335 


0 


1 


1 


1 


0 


.9336 


9366 


0 


1 


1 


1 


1 


.9367 


,9397 


1 


0 


0 


0 


0 


.9398 


9430 


1 


0 


0 


0 


1 


.9431 


9463 


1 


0 


0 


1 


0 


.9464 


,9497 


1 


0 


0 


1 


1 


.9498 


9532 


1 


0 


1 


0 


0 


.9533 


,9568 


1 


0 


1 


0 


1 


.9b69 


,9604 


1 


0 


1 


1 


0 


.9605 


9641 


1 


0 


1 


1 


1 


.9642 


9680 


1 


1 


0 


0 


0 


.9681 


9719 


1 


1 


0 


0 


1 


.9720 


,9759 


1 


1 


0 


1 


0 


.9760 


,9800 


1 


1 


0 


1 


1 


.9801 


9843 


1 


1 


1 


0 


0 


.9844 


,9886 


1 


1 


1 


0 


1 


.9887 


9930 


1 


1 


1 


1 


0 


.9931 


NOTE 2 


1 


1 




1 


1 



”0" = Remove Jumper 
"1 " = Leave Jumper In Place 



NOTE 1 For Readings less than 8922, adiustment can- 
not be made. Check A1CR17 zener voltage 
for 6 95 V ± 0 25 V 

NOTE 2 Adjustment cannot be made tor readings 
greater than 1 0000, Check A1CR17 zener 
voltage for 6,95 V ± 0,25 V, 

5-30. Input Amplifier Adjustments. 

5-31. Input Amplifier Gain Adjustment (R76). .4 DC 

Standaul is required for this adjustment, 

a. Set the Multimeter function to DCV ( V) and 

range to 1 0 m. 

b. Connect a short across the input terminals (Vf2 and 
COM) and adjust the Multimeter display for 0.000 with 
R25 (rear panel ZERO ADJ) 

c Remove the short from the input terminals and apply 
■r 10 mV to the input terminals from the DC Standard. 

d. Adjust R7b (INPUT AMP GAIN ADJ) for a Multi- 
meter display of + 10.000 ± 3 counts, 



5-32 Input Amplifier Balance Adjustment (R50/R51 po- 
tentiometer). The input amplifier balance adjustment must 
he performed if AlQlo, AlUl or A1R75 are replaced, A 
Digital Voltmeter is required for this adjustment. 
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a, Set Multimeter function to DCV ( VI and range 

to 1 V. 

b. Connect ground to the gate of A1Q16 at the 
junction of A1C7, 

C- Connect the Digital Voltmeter to DCTP 

d. Adjust R50/R51 for a Digital Voltmeter reading at 
DCTP of less than 1 mV 

5-33. Ohms Converter Adjustments (R58 and R69). 

5-34. A Digital Voltmeter, a 1 kC! ± resistor -hp- Part 
No. 0727-0751 and a 10 ± 1% resistor, -hp- Part No. 

0698-5049 are required for this adjustment. 

a Set Multimeter function to OHMS (f2) and range to 
IK 

b. Short the Multimeter input terminals ( Vf2 and COM). 

c. Connect Digital Voltmeter to junction of A1R78 and 
A1 Q25 gate. 

d. Adjust A1R69 (10 Mf2 ADJ) for a Digital Voltmeter 
reading of < 0.5 mV. 

e. Remove the input short and the Digital Voltmeter. 

f. Put a 1 ± 1% resistor across the input terminals 

and adjust A1R58 (1 kt2 _ADJ) for Multimeter display of 
1.0000 ± 2 counts If R58 does not have enough range to 
achieve this display, cut jumper B to introduce A1R57 and 
readjust A1R58 for the 1.0000 ± 2 count display, 

g. Change Multimeter range to 10 M, 

h. Remove the 1 kt2 resistor at the input terminals and 
apply a 10 MI2 ±1% resistor across the input terminals. 
Adjust A1R69 for a display of 10.000 ± 3 counts. 

1 Remove the 1 0 Mf2 resistor at the input and change 
range to 1 K, 

j, Repeat Steps f, g, h and i (1 kl2 ADJ and 10 MO 
ADJ) until both adjustment specifications of Steps f andh 
are met, 

NOTE 

If the A1 Assembly switch shield (component 
side) has been removed, the ac-to-dc converter 
must be recalibrated by readlusting C45, C42 
and C22 with the shield replaced 

5-35. AC - DC Converter Adjustments. 

5-36. AC Overall Gain Adjustment (R107*, R108* and 
R128). 



NOTE 

The selection of a new resistance value of 
R107* and R108* should be performed ONLY 
If the AC Converter amplifier, AlUlS, is 
replaced. If AlUlS has not been replaced, the 
AC Overall Gain Adjustment can be made by 
performing Steps a, k, I and m which adjust 
AIR12S only 

A digital Voltmeter with 5 digit resolution, an Ohmmeter 
and an AC Standard are required for this adjustment. 

a. Set Multimeter function ACV (~ V) and range to 
1 V 

b. Remove one end of A1R107 from the pc board and 
connect A1U2 pin 8 to ground, 

c. Apply a 1 V, 200 Hz signal from the AC Standard at 
the junction of AlRlOb and A1R107* 

d. Measure and record the dc voltage at DCTP, 
Designate this reading V i , 

e. Decrease the AC Standard output to 0,1 V, 200 Hz. 

f. Measure and record the dc voltage at DCTP 
Designate this reading Vt . 

g- Calculate the AC Converter constant ( CONST ); 



CONST = ^ 

0.9 

h. Disconnect the AC Standard and discormect one end 
of RlOb from the pc board. Measure and record the actual 
resistance value of R1 06. 

l . Calculate and record the R107*, R108* resistance 
total; 

IR107* + R108* ) = RlOb (0.9995 x CONST -1 ) -500 

j. Select a resistance combination for R107* and R108* 
nearest the (R107’'' +R108*) calculated value from the 
RI07+, R108*, R133+ and R134+ Padding list located in 
the miscellaneous parts list of Section VI. Install the 
selected resistors. 

k. Apply a 1 V, 200 Hz signal from the AC Standard to 
the Multimeter input terminals. 

1 -Adjust A1R128 (AC GAIN ADJ) for a Multimeter 
display of 1.0000 ±12 counts 

m. Remove the AC Standard. 

5-37. AC— DC Converter XI 0 Gain Adjustment (R133 and 
R134). An AC Standard is required for this adjustment. 
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a. Set the Multimeter function to ACV ( ~ V) and range 
to 100 m. 

b. Apply a 100 mV, 200 It signal from the AC 
Standard to the Multimeter input terminals ( Vf2 and COM |. 

c. Adjust the R133/R134 potentiometer for a 
Multimeter display of 100.00 ± 12 counts, 

5-38. AC Converter High Frequency Adjustment (C45). 

An AC Standard is required for this adjustment. 

a. Set Multimeter function to ACV (~ V) and range to 
1 V. 

b. Apply a 0.1 V, 20 kit signal with the AC Standard 
to the input terminals, 

c. Adjust A1C45 (CONVERTER HIGH FREQ A.DJ) for 
a Multimeter display of .1000 ±100 counts. 

d. Maintain the AC Standard for the following adjust- 
ment 

5-39. AC Converter 100 mV and 10 V High Frequency 
Adjustment (C42). An AC Standard is required for this ad- 
justment 



a. Set Multimeter function to ACV V) and range to 
100 m. 

b. Apply a 0.1 V, 20 kHz signal with the AC Standard 
to the input ternunals, 

c. Adjust A1C42 (100 mV and 10 V HIGH FREQ ADJ) 
for a Multimeter display of 100.00 ±100 counts. 

d. Maintain the AC Standard for the following adjust- 
ment. 



5-40. High Frequency Attenuator Adjustment (C22). An 

AC Standard is required for this adjustment, 

a. Set Multimeter function fo ACV (~ V) and range to 

10 V 

b. Apply a 10 V, 20 kHz signal with the AC Standard to 
the input terminals. 

c. Adjust A1C22 (HIGH FREQ ATTEN ADJ) for a 
Multimeter display of 10.000 ± 100 counts. 

d. Remove AC Standard from input terminals. 
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Hewlett-Packard Model 3465A 
Multimeter 

Serial No 



Tests Performed By 
Date 



PARAGRAPH 

NUMBER 



TEST limit 



DC Voltmeter Accuracy 
10 mV Range 
1 mV 
5 mV 
10 mV 



998 - 1 002 mV 
4.996-5 004 mV 
9.995 - 10.005 mV 



100 mV Range 
10 mV 
50 mV 
100 mV 



9,99 -10.01 mV 
49.98 - 50 02 mV 
99.97 - 100.03 mV 



1 V Range 



0.1 V 


0999 - 1001 


0 5 V 


.4998 - 5002 


1,0 V 


,9997 - 1 .0003 


10 V Range 




1 V 


399 - 1 .001 


5 V 


4398 - 5 002 


10 V 


9.997 - 10.003 


100 V Range 




10 V 


9,99 -10.01 


50 V 


49.98 - 50.02 


100 V 


99-97 - 100.03 


1000 V Range 




100 V 


99 8 -100.2 


500 V 


499,7 - 500.3 


1000 V 


999.6-1000,4 



DC Ammeter Accuracy 
100 >iA Range 
10 (lA 
50 mA 
100 A A 



9,98 -10,02 uA 
49 95 - 50.05 uA 
99 92 - 1 00-08 aA 



1 mA Range 



0 1 mA 


,0998- 1002 mA 


0.5 mA 


.4995 - 5005 mA 


1 ,0 mA 


,9992 - 1 .0008 aA 


10 mA Range 




1 mA 


0.998 - 1 ,002 mA 


5 mA 


4993-5.007 mA 


10 mA 


9.988 -10.012 mA 




PERFORMANCE TEST CARD (cont'd) 



PARAGRAPH 

NUMBER 


TEST 


TEST LIMIT 


5-8 


100 mA Range 




(cont'd) 


10 mA 


09 93 -10 07 mA 




50 mA 


49.69 -50 31 mA 




100 mA 


99,39 -100.61 mA 




1000 mA Range 






100 mA 


099,3 -100 7 mA 




500 mA 


496.9 -503.1 mA 




1000 mA 


993.9 - 1006.1 mA 


5-10 


Ohms Accuracy 






100 n Range 






ion 


09 98 - 010,02 n 




50 n 


49 97 -50.03 n 




100 n 


99 96-100,04 n 




1 Range 






0.1 kn 


0999- 1001 kn 




0.5 kn 


.4998 - 5002 kn 




1 kn 


9997 -1 0003 kn 




10 kn Range 






1 kn 


.999 - 1 .001 kn 




5 kn 


4.998-5 002 kn 




10 kn 


9.997-10.003 kn 




100 kn Range 






10 kn 


9,99 -10 01 kn 




50 kn 


49-98 - 50 02 kn 




100 kn 


99 97-100 03 kn 




1000 kn Range 






100 kn 


99 9 -100,1 kn 




500 k.n 


499.8-500,2 kn 




1000 kn 


999 7-1000.3 kn 



10 Mn Range 
1 Mil 
5 MS2 
10 MO 



0 998 - 1 002 Mn 
4 994-5.006 Mn 
9989- 10011 Mn 






















PERFORMANCE TEST CARD (cont'd) 



PARAGRAPH 

NUMBER 

5-12 



TEST 

AC Voltage Accuracy 

100 mV Range 

40 Hz to 10 kHz 
10 mV 
50 mV 
100 mV 

10 kHz - 20 kHz 
10 mV 
50 mV 
100 mV 

1 V Range 

40 Hz - I 0 k Hz 
0 1 V 
05 V 
1,0 V 

10 kHz- 20 kHz 
0,1 V 
0,5 V 
1,0 V 

10 V Range 

40 Hz - 10 kHz 
1 V 
5 V 
10 V 

10 kHz - 20 kHz 
1 V 
5 V 
10 V 

100 V Range 

40 Hz - 10 kHz 
10 V 
50 V 
100 V 

10 kHz- 20 kHz 
10 V 
50 V 
100 V 

1000 V Range 

40 Hz - 1 kHz 
100 V 
500 V 

1 kHz -2 kHz 
100 V 
500 V 



TEST LIMIT 



993 — 10 07 mV 
49 87 - 50 1 3 mV 
99 80- 100 20 mV 



980 - 10,20 mV 
49,60- 50 40 mV 
99 35 - 100 65 mV 



0993- 1007 V 
4987 - .501 3 V 
9980 - 1 0020 V 



,0980- 1020 V 
4960 - ,5040 V 
,9935 - 1 ,0065 V 



993 - 1 007 V 
4 987 - 5 01 3 V 
9 980 — 1 0 020 V 



980 — 1 020 V 
4,960-5 040 V 
9,935- 10 065 V 



9,93 - 10 07 V 
49,87-50,13 V 
99 80 - 1 0O 20 V 



980 - 10 20 V 
49 60-50 40 V 
99 35- 100,65 V 



99.3 - 1007 V 

498 7 - 501 3 V 



99-0 -1010 V 

497.0 - 503,0 V 








performance test CARO (cont'd) 




NUMBER 



TEST LIMIT 



AC Ammeter Accuracy 
100 fiA Range 
10 MA 

40 Hz - 1 kHz 
1 kHz - 10 kHz 
10 kHz - 20 kHz 
50 kiA 

40 Hz - 1 kHz 
1 kHz - 10 kHz 
10 kHz - 20 kHz 



9 91 - 1009 mA 
9 92 - 10 08 mA 
9 79 - 1021 mA 

4975- 50 25 mA 
49 82 - 50.18 mA 
49 55- 50 45 mA 



100 fiA 

40 Hz - 1 kHz 
1 kHz — 10 kHz 
10 kHz - 20 kHz 



99 55 - 100 45 |UA 
99 70- 100 30 mA 
99 25- 10075 /uA 



1 mA Range 
07 mA 

40 Hz - 1 kHz 
1 kHz - 10 kHz 
10 kHz - 20 kHz 



0991 - .1009 mA 
0992- 1008 mA 
.0979 -.1021 mA 



0.5 mA 
40 Hz - 1 kHz 
1 kHz - 10 kHz 
10 kHz - 20 kHz 



4975-5025 mA 
4982 - 5018 mA 
4955 — 5045 mA 



40 Hz - 1 kHz 



10 kHz - 20 kHz 



9955 - 1 0045 mA 
9970 - 1 0030 mA 
9925 — 1 0075 mA 



10 mA Range 



40 Hz - 1 kHz 
1 kHz - 10kHz 
10 kHz - 20 kHz 



991 - 1 009 mA 

992 - 1 008 mA 
979 - 1 021 mA 



40 Hz - 1 kHz 
1 kHz -10 kHz 
10 kHz - 20 kHz 



4 975- 5 025 mA 
4 982 - 5.018 mA 
4 955 — 5 045 mA 



40 Hz - 1 kHz 
1 kHz - 10 kHz 
10 kHz - 20 kHz 



9 955 - 10045 mA 
9 970- 10 030 mA 
9 925- 10 075 mA 



TEST 

result 



100 mA Range 
10 mA 



987 — 10 1 3 mA 








PERFORMANCE TEST CARD (cont'd) 




















